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BY SLICING 
PARTS FROM 
EXTRUDED 

SHAPES § 





Fabricating parts from long lengths of “premachined” shapes reduces machining, scrap, and finishing 


The lock components shown above are typic il of 

some 20 different precision brass parts which Welch 

ly Waukegan, IIl., makes for its broad line of locks 
tches, from Anaconda extruded sh ipes 

vorks closely with Anaconda specialists 

ly design stages. New lock mechanisms are 

| parts which can be cut by a metal slit 

long lengths of extruded shapes with 

bsequent machining and sc1 ip Che us 

r considered when there is th 

nto ap irt 


lity of designin Suv 


‘ 
) i brass extrusion 


Superior quality, too. Parts made fron 


sh Des ! ( iracterized vy then strong 


neous, Wrol oh I} ‘ Cull And the sm oth, 


extrt v finishin 


For more information, turn to Reade 


g Opt rations. 


More and more manufacturers are cutting fabri- 
cating costs and maintaining quality by using these 
preformed or, in effect, “premac hined” sh ipes. For 
imaginative and prac tical hi Ip in ad ipting extrude d 
shapes to the economical production of intricate 
parts call your Anaconda re prese ntative or write: 
Th American Brass Company Waterbury 20, 
Conn. In Canada: Anaconda American Brass I td., 
New Toronto, Ont “4 


Extruded Shapes « Special-Shape Tubes ¢ Die-Pressed Forgings 


pre dic fs ma 


le by The An 


r Service card, circle No. 356 
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~_ it Resin Maintains Strength at 180-200 F 


Re ts a 40-60 °F boost ove PVC and sarar 
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New Brass Resists Algae Growth 


Mercury addition givesa loy unusual resistance to biof 


Precise Aluminum Extrusions from Powder Metallurgy Slugs 


One use a small finned tube 14 ft long for 800 F service 





Developments in High Temperature Urethane Foams 
At 600 F neu rigid foams still retain half their stre ngth 


Other Contents 


Engineering & Design 
At a Glance 


~~ Energy Rate Formi ing Processes: Present and Future 


S ey of ¢ jlosive, other techi ques for m etal fabricat 





REINNELD PUBLISHING CORP. ES Properties of Porcelain Enamels 
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Low Cost, Transparent Plastic 


1} thre resistant sturene-acrylic fii 


Up-to-Date rope on Molybdenum Metal 


E) g ) fabrication, s status of protect ‘ 





ABS Plastics Are Low Cost, inaeas Resistant, Moldable 


How they « mpare in perf a? and cost with other n 


impregnated Mica Paper Is Excellent Insulator 


Properties of the vario (is g ades and where they cai 


Which Brazing Alloys for Vacuum Systems? 


{bsence f flux and other factors make prope) 
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WEB THICKNESS @@f> ps 
Nar ; PRECISE 
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@ ONE READY-FOR-ASSEMBLY ZINC DIE CASTING 
© ELIMINATES COST OF SUB-ASSEMBLIES | | : Z 
Precision engineered for RCA Victor television 
© NOTHING TO WORK LOOSE — receivers, this complex, one-piece ZINC die 
TROUBLE-FREE OPERATION casting is quickly assembled with gears and 
© RUGGED, EXTREMELY THIN WALL SECTIONS — cams for locking each channel in fine-tuned 
POSSIBLE ONLY WITH ZINC position. 


HORSE HEAD® SPECIAL ZINC AND HORSE HEAD ZAMAK ARE PRODUCED BY 


THE NEW JERSEY ZINC COMPANY <A} 


DEVELOPERS OF THE ONLY STANDARD ZINC DIE CASTING ALLOYS IN USE TODAY oR HEAD PRODUC 
160 Front Street - New York 38, N. Y. : 


Sane 


For more information, turn to Reader Service card, circle No. 330 
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BRONZE POWDER 
for GEARS 
thot FIT 
THE JOB 


CONTROL OF OUR DIMINISH- 
ING WATER SUPPLY DEMANDS 
EFFICIENT METERS IN 
GREATER NUMBER WITH 
FEWER AND BETTER 
OPERATING PARTS 
Matching metal powder gears, supplied by a custom 
fabricator* ready for assembly, provide this ROCK- 


WELL water meter gear train with friction-free operation, 


ow parts cost, precision and durability 


Nonferrous powder metallurgy can produce accurate, low-cost components 
for your products as well 


*The PRESMET Corp., Worcester, Mass 


IT’S 
NEW! 


WRITE TODAY 
aR. FOR YOUR 
METAL POWOER PARTS FREE COPY. 
————— 


pressed brass 
and 


THE NEW JERSEY ZINC COMPANY <4 
160 Front Street, New York 38, N.Y. ia 


For more information, turn to Reader Service card, circle N>. 331 
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All-weather auditorium in Pittsburgh 
will be covered by a 415-foot 


> gg 


steel dome. Largest of its kind in 
the world, the dome will protect 


an audience of more than 13,000. 


“Push-button umbrella roof” of stainless steel 
gives Pittsburgh a new all-weather auditorium 


Watching a play or listening to 
music under the stars heightens the 
enjoyment. That is, until a passing 
shower comes along to wash out the 
fun. But now comes a new idea in 
auditoriums. In this one, an 
umbrella roof of Nickel-containing 
stainless steel will close at the first 
drops of rain—and on with the show. 

It’s a simple concept, but a daring 
one. Eight huge sections nest to- 
gether when the dome is open. Push 
a button, and six of these sections 
glide quietly together around an 
outside track. 


They looked into all sorts of 
sheathing materials in designing the 
dome before choosing stainless — a 
Nickel-containing stainless steel. 


For stainless with Nickel in it is 
one of the most weatherproof metals 
there is. It is corrosion-resisting all 
the way through — in salt air as well 
as industrial atmospheres. What’s 
more, it’s virtually self-cleaning 
rainfall alone keeps this metal clean. 


No wonder you see Nickel-con- 
taining stainless wherever strength, 
long life and handsome appearance 


are called for! Not only in buildings 
inside and out — but everywhere 
you look. 


Suggest something to you? Can 
stainless help you solve a problem 
involving corrosion, stress, appear- 
ance, temperature extremes? The 
way to find out is to write us. We’ll 
see if Nickel-containing stainless 
steel — or some other nickel alloy 

may be just what you’re looking for. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


las 
67 Wall Street Anco, New York 5,N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 


MATERIALS IN DESIGN 
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IN MATERIALS 


... AT A GLANCE 


Structural ceramic fibers of virtually any oxide can now be produced. Pure 
alumina single crystal fibers can be produced in lengths up to 1% in.; they have ulti- 
mate tensile strengths of about 4 million psi and are useful at temperatures up to 
3700 F. Also, polycrystalline fibers of any oxide can be produced in lengths up to 
about 8 in. Although not as strong as single crystal fibers, polycrystalline fibers 
provide versatility in other properties such as heat resistance and inertness to 
various matrices. Oxides used to date include zirconia, beryllia, silica and iron oxide. 


urce Horizons Inc., 2905 E. 79th St., Clevel ia & m fibe production his ust been licensed to Minerals 


nd Chemicals Corp., Menlo Park, N. J. 


Metals reinforced with these ceramic fibers (see above) are under develop- 
ment. Purpose: reinforced metals combine high strength and light weight. Castings 
compounded from 50% ceramic fiber and 50% metal weigh considerably less than 
all-metal castings of identical mass. A promising combination is an 80 nickel-20 
chromium alloy reinforced with single crystal aluminum oxide fibers. 

Source: Horizons Inc., 2905 E. 79th St., Cleveland 4 


A wear resistant coating for service up to 1800 F has been developed. The coating, 
a chromium carbide-base material, is applied by flame plating techniques. 
Source: Union Carbide Metals Co., Div. of Union Carbide Corp., 30 E. 42nd St., New York 17 


improved metal-to-alumina seals for use in electrical devices can be obtained by 
using a new iron-nickel-cobalt alloy that has a coefficient of thermal expansion 
closely matching that of alumina. The developer says that until now it has not 
been possible for the electrical industry to take full advantage of the high strength, 
high heat resistance, and excellent insulating properties of alumina. The new alloy 
is expected to permit the use of alumina in electron tubes, thermionic energy 
converters, capacitors and switchgear. (More details in a forthcoming issue.) 


Source: General Electr Co., Schenectady, N. Y 


Permanent, vacuum-tight glass-to-metal seals may be realized by using a new 
vacuum melted alloy, composition of which has not been revealed. The developer 
says the alloy is metallurgically cleaner, has greater ductility, and has a better 
surface than other alloys used for glass-to-metal applications. The alloy’s coefficient 
of thermal expansion is said to closely match that of hard glasses such as Corning’s 
7052 and 7040. 


Source: Driver-Harris Co 01 Middlesex S 


Newly developed tin-coated stainless steel wire is said to offer excellent soldering 
characteristics when used for banding electric motor armatures. The wire is sup- 
plied in diameters from 0.031 te 0.105 in. 

Source: Riverside-Alloy Metal Div., H. K. Porter Co., Inc., Riverside, N. J 


An improved solid film lubricant is said to have about 20 times more load bearing 


capacity than conventional solid film lubricants. The improvement was achieved by 
adding various inorganic sulfides to molybdenum or tungsten disulfide. When used 
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Another new development using 


B.EGoodrich Chemical = =: 


USING TWO HARDNESSES OF HYCAR 


these skate wheels play a dual role 


Hard on the outer edge for longer bonded during molding new market. For 


wear; softer on the inner edge for In 


more inftormatior 
addition to providing extra write Dept. fpn.4. B.F.Goodrict 
better traction, less noise. The two 


wear and other advantages, in other Chemical Company, 3135 Euclid 
shades of color you see in these roller applications Hycar also provides ex Avenue, Cleveland 15, Ohio. Cable 


skate wheels show how two different cellent resistance to oils, chemicals iddress: Goodchemco. In Canada 


Hycar nitrile rubber compounds are and gasoline. It is often the key to Kitchener, Ontario 


used to serve different needs in the improving a product or opening 


Same product 


The outer of each o> PREMIER /or prof: ”r 
iters,and RENTAL, for 
wheel is a phenol com- ite thd weed > ehat 
pound made with extra ») heels are made using 
tough Hycar rubber for pret pic hast a f 
The inner portion of the pence nes " nese 
wheel is made from a softer Hycar nitrile rubber 


Hycar phenolic compound 


B.F.Goodrich Chemical Company 


The two are inseparably a division of The B.F.Goodrich Company 


See our catalog in Swes Product Design Fi 


B.EGoodrich GEON vinyls + HYCAR rubber and latex + GOOD-RITE chemicals and plasticizers 


For more information, turn to Reader Service card, circle No. 325 
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dean thd dn he oe b Td 


...AT A GLANCE 


to lubricate iron or steel surfaces, the additives apparently decompose to produce 
a layer of iron sulfide on the metal surface. The lubricant is still under development. 


Gener: lect Cx Schene 


Aluminum die castings that can be color anodized are commercially available. 
According to the developer, colors can be accurately controlled from batch to batch, 
and can be applied over satin, polished bright, and semigloss matte finishes. The 
die castings are made of a new alloy (composition not revealed) that is said to 
have tensile and yield strengths comparable to those of standard die casting alloys. 


Har ‘ Die Cast Ir iO N. B St Har ton, O 


Lower cost platinum-plated parts may result from the development of a new anode 
made of titanium mesh and coated with a uniform thickness of platinum. The 
product is said to be functionally equal to solid platinum, but cost less than 1/10th 
as much. 


Sel-Re 


Higher stress-rupture properties are now available in a relatively new cobalt- 
tungsten superalloy called WI-52. The producer says stress-rupture life and stress- 
rupture elongation values have been doubled by controlling chemical composition. 
The improved alloy is supplied in the form of shot specifically prepared for 
remelting. 


W Met 


High temperature polymers that are stable at 1000-1800 F and have molda- 
bility similar to that of phenolics have been reported in England. The developmental 
polymers are believed to be lithium polyphosphates. Specimens have shown flexural 

strengths of 23,000 psi at 1000 F; 18,000 psi at 1800 F. Although said to be more 

like ceramics than plastics, the materials are tougher than ceramics. 
e Resins Ltd., 44-46 King R ndon, W. ¢ 


Finer grained sheet steel and strip has been produced by using a new continuous 
annealing process in which small sections of a metal coil are heated by induction. 
Grain sizes are reported to be one-fifth to one-third smaller than those produced by 
conventional annealing practices. The developer says the method can also be used to 


anneal brass, copper, aluminum and other metals. 


Ste I oO é I Pitt irg?t 


A tungsten-lead radiation shielding material is said to withstand temperatures 
up to 1000 F. The new material has C24 Rockwell hardness, 19,000 psi tensile 
strength, and 25,000 psi compressive strength. It is supplied in a variety of shapes. 

‘ Kulite Tut ten Ce 1040 Hoyt Ave I efic N. J 


High purity gold powder and sheets are now commercially available. Purity of 
the gold is said to be 99.999°°. A big use for the gold will probably be in joining 
silicon transistors, diodes and rectifiers. The powder is supplied in 100 mesh or 
finer; sheets are supplied in widths up to 4 in., in thicknesses down to 0.0005 in. 

High Purity Metal In 340 Hudson St Hackensack, N. J 


Turn to page 9 for more “What's New in Materials” 
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Photo courtesy Boston Gear 


hob speed 50%... 


Aristoloy Leaded increases 
prolongs tool life 50% for [Boston Gear | 





rties from the 


ormation about 
Standard analyses 
stainless grades, 
titled, ‘‘A Complete 


2els.'' and new Prod- 


2s Catalog. 


DIVISION OF 
eet am| COPPERWELD 
7 STEEL COMPANY 
| 
\| 1 


e EXPORT: Copperweld Stee! International Co., 225 Broadway, New York 7, N.Y. 


ARISTOLOY STEEL DIVISION e 4021 Mahoning Ave., Warren, Ohio 


For more information, turn to Reader Service card, circle No. 379 
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New Rigid Vinyl Resin 
Maintains Strength at 180-200 F 


@ A new rigid vinyl resin—poly good self-supporting charactei 
vinyl dichloride—boosts the heat istics. 

resistance of vinyl plastics by Types available 

ahoi d . " The Ww ate- . : 

about 40-60 F. The new mat According to the developers, 
rial combines 180-200 F continu BF 


3. F. Goodrich Chemical Co., 3135 
ous heat resistance with the in Euclid Ave. Cleveland 15, Ohio 


herent chemical resistance, tough the new material called Hi-Temp 


ness, non-flammability and _ sol- Geon. is available in both normal 


vent-cementability of PVC (poly impact and high impact grades 
vinyl chloride). The material’s corresponding to Types I and II 
264-psi heat distortion tempera- PVC. It 
ture is in the range of 215-220 F, 
compared with about 140-170 F 
for rigid PVC, and about 130 high impact grades are shown in 
150 F for molding and extruding Table 1 


can also be plasticized 
for flexibility 
Properties of the normal and 


Resistance to chemica!s 
grades of polyvinylidene chloride s shown in Table 2. where data 


(saran). The new material also 


es show results of complete immer H 
has a high modulus, providing sion at 212 F in various reagents ' cod 
More details on effects of tem 
TABLE 1 TYPICAL PROPERTIES OF 
RIGID POLYVINYL DICHLORIDE peratures and aging are unavail eee 





able as yet 
i 
Properties # Normal | High Preliminary tests are also r 
Impact | Imnact ported to show the material to 
ri have exceptional resistance to Heat resistance of the new material 
Ten Str, 1000 psi ; 
At 725 ' + light and weathering. According 
At 212 F 3.0 ) to one report, stability is three 
Ten Mod of Elast, 10° p: : 3 to four, times that of uncom- 
Elong at Yid, % - ~ . . VO 
Flex Str, 1000 psi 17 - pounde d PV( tensity polye thylene and conven 
The material is rrently avail tional PVC. 





is shown in this comparison of four 
veighted strips of plastics immersed 
180 F water. From le ft, the speci- 


mens are the new vinyl, nylon, high 


1zod Impact Str 
ft-Ib/in. notch : 5.0 able in limited quantities at an 

Rockwell Hardness 117 117 introductory price of 45-60¢ pen 

Heat Dist Temp (264 | f Is . a ae ii nee , ; 

Flammability Colt-axt | Se ~ 4 ommer< ial availability is Pipe a prime market 

Specific Gravity 1.5 is expected in 1961, but no esti The size of the potential mar 


f 


Coef of Ther Exp, | . mates are available on commercial ket and the properties of the new 








Hi-Temp Geon, B soodrich Chemical C price range material pretty clearly pinpoint 
plastic pipe as a prime appli- 
cations area. For residential 

TABLE 2 EFFECT OF CHEMICALS ON RIGID POLYVINYL DICHLORIDE plumbing the material offers the 


After 28 Days immersion at 212 F required heat resistance, and non- 





flammability; for chemical piping 
Weight Tensile Tensile 


2 . a : provides resistance to both heat 
Change Strength, 1000 ps Modulus, 10° psi 


and chemicals. In addition to 
. les charact tics t prov as 
Normal High Normal Higt Yormal High . I “9 ™ eristic a ! I . ide 
Impact Impact Impact Impact mpact Impact the benefits inherent in vinyl pipe 
of being solvent cementable, light- 











None (original properties) 3 BR: 4! weight and easy to fabricate. 
Sulfuric Acid (93.5%) 0.8 : 8.7 
Chromic Acid (50%) 0.2 
Sodium Hydroxide (50%) 0.02 5.) l ; 

ASTM Oil No. 3 0.4 9 | Q 2 2 pressure at 185 F in Schedule 40 
Sodium Chloride (saturated) é 3.3 3 pipe. Also, it maintains good 


According to Goodrich, the ma 
terial can safely handle 125-lb 











| strength while carry or threaded fittings bility. ses in the electrical ap- 
fluids, making it suitabl Although the producer's initial pliance industry, where non 
for use as rigid piping, or ducts emphasis is on use of the mate flammability is critical, but cor 
yf spanning normal dis rial for pipe, broader applications ventional PVC has been unusabl 
tween building supports are predicted. Automotive appli because of insufficient heat re 
t f 


be joined with either cations, where temperatures maj sistance, would also appear prom 


solvent-welded joints reach 180 F would be one possi ising 


For more information, circle No. 600 





New Brass Resists Algae Growth 


@ An alloy has been developed by show that water deposited s ! Vall t ! anging trom 

Bridgeport Brass Co., Bridgeport is thin and easily removed by 0.049 it } BWG) to 0.065 in 

2, Conn., for condenser and heat mechanical cleaning Te also 16 BWG It is available 

exchanger applications where show that a lower concentratior other tube sizes as well as i! 

fresh or saline waters support or less frequent and_ shorter regular pipe sizes. For uses other 

growth of algae. Named Alloy chlorination periods are required 1an condenser or heat exchange} 
it an inhibited copper-zin to keep the tubes clean applications the alloy can 

illoy with a nominal compositio! Condenser tubes of Alloy 77 ar n tubes with 

of 7 copper, 30° zine and supplied in accordance with he lor ret 

0.05 mercury The mercury requirements of ASTM Spec. B1| 

addition ves the alloy unusual with the exception of the chem 


resis biofouling and de ical analysis whicl no ends is a problem 
as well as good re apply For return bend 

to other forms of corro Alloy 77 i tly ay as dual gage tubes 
in condenser 1Z tions where thinning 


wit Alloy from °¢ in. o.d. t is a problem 


For more information, circle No. 601 





Precision Aluminum Extrusions from Powder Metallurgy Slugs 


@ Aluminum Co America temperature servi ; process works as follows 
1501 Alcoa Bldg., Pittsburgh 19 range. One | itvpe pi I metallurgy billet 


metall 
Pa cently announced 1 new cated by ie I I $s ] pl 3 ntered and compacted 


called Alcoa APM In ! li inn I Di ' is then extruded to pro 


or the production of ] lengths uy ft, wall * stock which supplies the 


luminum parts for hig! hickness tolerance } ig f imps extrusion 


Finned tu 


be pro é ) ‘ n of 1PM in f I d from 500 


tained with normal impact opera 
to 800 F for the 
ith parts fabricated 
APM slugs 
The process 1 now beyond 
experimental age. The finned 
tube prototype is being evaluated 
for an atomic energy application 
I ten fins have been Incorpo 
rated in the ! n. dia tube and 


; 


some tubes have been fabricated 
vith spiraling exterior fins. The 
wcompanying photograph shows 
the APM impact slug along wit] 
sections oO the finned tubs il 

three other Alcoa APM impact 
prototype parts. Alcoa will quote 
prices for commercial production 
of APM impacts. 


For more information, circle No. 602 





infusible foam 07 d after curi 14 hr 00 F. The as negligible shrinkcge and weight loss. 


Developments in High Temperature Urethane Foams 


Both rigid and flexible systems are now commercially available. They 


aie infusibl . and maintain substantial stre ngth at 600 F. 


; 


foam systems carbonize at 900-1000 F. Above polyphenyl-isocyanate). Prelimi- 


of initial this temperature they sublime, nary data on experimental foam 


] 
il 
at 600 F and do not revert to a liquid or systems using the material were 


now commercially available plastic state. given by D’Ancicco in early ’58. 
, Co., North Haven, Key to the improved heat re Two complete foam systems 
temperatures above sistance is a modified isocyanate, are now available from Carwin: 
developed by Carwin and _ trade- Carthane 1008 Infusible Foam, 
ind only begin to marked PAPI polymethylene and Carthane 1003 Slow Foam. 
The two have identical properties, 
but the slow foam provides a con- 
trollable pot life of 5-12 min for 

foaming in intricate molds. 

PAPI-/4 . : — 
_— Systems are available for foams 
ranging in density from 3 to 40 
lb per cu ft. Price for the two- 


Pp 
o 
Oo 

a 


tion 
re} 
8 5 


component systems is about $2.50 
per lb in carload quantities. Flex- 
ible systems are also said to be 
available. (PAPI is also avail- 


a 
oO 


able alone for those desiring to 


5s 
(2) 


develop their own formulations. 


‘net: 299% j . anttte » 
Pmbere on curves Cost: $2.25 in drum quantity. 
ndicate density in Properties of rigid foam ' 
lb/cu ft 


iti cn Table 1 shows typical mechani- 


~ 
1.2) 


Numbers on curves 
ndicote density in 
b/cuft 





rs) 


75C 50 150. 250 350 cal properties of foams of dif- 
Temperature, F Temperature, F ferent densities at different tem- 


Compressive Strength (at |O% defiecti 


f compres 2—Here’s how the new PAPI foams peratures. Fig 1 shows effects 


reasina te mperatures compare u ith conventional TDI ure- of temperature on compressive 


foam densities. thane foams. strength at 10% deflection of 





foams of various densities; Fig 2 


compares temperature vs com- 
pressive strength for PAPI and 
conventional TDI urethane foams 

44 


4 temperatures 


between 150 
chemical and physical 
ur in the 


weight loss ar 


foam, re 
I some 
orresponding shrinkage 
as hown in Table 1, tl 
tion aoes appear to increast 
foam’s compressive strengt} 
Possibly this ir 


crease is due to the larger volume 


500-600 F 
shrinkage experienced at thes 
temperatures 

Dielectric properties of 


shown in Table 2 


foams are 
though data on volume resistiv 
are limited, resistivity of a 
per cu ft density foam is reporté 
to be 2.15 x 10'* ohm-cm 
Foams are also said to hav 
good humid LY, 
dimensio! 
under humid agins 
No appre¢ iable cnange 
ngtk 
100 
F 


cabinet 
tween 120 and 50 F at 
holding for 
Other 


ative humidity, 
at each temperature) 
acteristics of the rigid foa 


+ 


ording to Carwin, include 


> Thermal conductivity 
tor is said to be 0.26 for 


cu ft foam at 325 Ff 


> Postcured 


int to oils, 


foams are res 
fungus, sait air 
sunlight. Specimens of cured foan 
partially immersed in moist fer 


tile soil for 6 summer months 


show no appreciable change 


> Absorption of impact load 


} ; 


and vibration are said to be ex 
ellent 

> Exposure to oxidizing 
results in carbonization of 


foam, but retention of cell struc 


fl] 
i 


ture, ol 


owed by gradual vapori 


zation; thermal insulating proj 


erties are retained during oxida 


tion of the 


> Bonds 


are stronger than the foam unde? 


surface 


formed with metals 


long-term humid aging conditions 


TABLE 1-- TYPICAL PROPERTIES OF 
RIGID FOAM: 





Density, Ib/cu ft» 





Sompr Str (at 10% defl) 


SI 


5} 


SF 


> > b> bP 


t 40 

At 500 F 
At 600 F 
At 1000 F 


Str psi 
At 72 F 
At 

At 32° 

At 40 


Compr Set (158 F) 








Potential applications 

The heat resistance of the foar 
indicates a number of potential 
uses. These range from missiles 
nd aircraft where skin tem 
ratures are high, to potting of 


lectrical components where eleva 
ted temperatures 


“he bond strength of the 


anticipated 
foam 


metal would indicate its us¢ 


as foam cores for’ structural 


honeys sandwich materials 


thermal insulating char 


Good 


TABLE 2—-ELECTRICAL PROPERTIES: 





Density, Ib/cu ft » 14 





Dielec Const 
1 mc 
At 80F 
At 212 F 
At 390 F 
8.5 kme (77 F) 


Dissip Factor 
1 mc 
At 80F 
At 212 f 
At 390 F 
8.5 kmce (77 F) 


Loss Factor 
1 mm 
At 80 Ff 
At 212 F 
At 390 F 
8.5 kme (77 F) 


0.0036 | 0.007 
0.0035 | 0.0063 
0.0051 | 0.0097 
0.0028 | 0.0048 








aCarthane OS; po 


icteristics would make the mate 
rial useful for hot line insulation 

The infusible nature of the 
material up to complete degrada- 
tion temperatures enable’ the 


foams to provide superior in- 
sulating properties under extreme 
thermal conditions. Possible uses 
as ablative insulation for rockets 
and missiles are obvious 
Reference 
PD’ Ancice V ve 
Resistant Ureth 


Family of He 
r SPE Jou 


more information, circle No. 603 





Polypropylene resin 
sold in three grades 

Rubber-base paste 

Extruded steel shapes 
made by new process 

Semiconductor for 
thermoelectric cooling 

Resin-treated fabrics 
for electrical uses 


Improved magnetic alloy 
is easy to machine 

Iwo circuit boards, 
conductive coating 

Six new processes for 
finishing metals 


Asbestos prepreg 
withstands 5000 
Coal tar coatings 
resist chemicals 
Polysulfide compound seals 
at —70 to 300 F 
Ceramic powders used 
in hot tooling 





MORE WHAT'S NEW 


IN MATERIALS 


Natural diamond grit 

Polyethylene castings 

Silicone fluid controls 
urethane cell structure 


Contoured honeycomb 
resists heat, stresses 
New ABS plastic for 
injection molded parts 
Graphitized lubricant 
resists heat, pressure 
Glass shapes for filler, 
packing uses 
Stabilized plastics 
resist weathering 
Insulation resists 
assembly damage 
Polyethylene bonds to 
oxide-coated metals 
Zine-type coating 
protects columbium 
Plastics products for 
molding, insulating 
Other news 
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HOW CLOSE SHOULD 
THE TOLERANCES BE HELD? 


This part may be produced in a ten-stage, progressive stamping die. It will be 
made from 0.030" low carbon cold rolled strip steel. The normal gauge tolerance 


is 0.0015 or, a total variation of 0.003 


f ¢ nough ‘ 

Of course, tolerance should be no tighter than necessary for the successful design 
of the finished part... or for efficient, trouble-free stamping. If the part cannot 
be fabricated with a minimum of production trouble, the t ance is not tight 
enough regardless of the design requirements of the finished part. In an 
intricate, high speed stamping operation, a variation of 0.003” could easily result 
in a high percentage of rejects; could cause frequent down-time . . . constant tool 


adjustment; could create needless production problems 
not check your own stamping operation? 


Assured optimum production starts with the design specifications . . . with the 
specification of J&L Precision cold rolled strip steel. J&L can hold gauge toler- 
ances to tenths of thousandths to provide steel which will perform as your design 


specifies . . . to deliver the maximum yield per pound of steel 


The experience, facilities and accumulated know-how of a specialized organiza- 

tion .. . directed exclusively to the processing of low carbon, high carbon, alloy, STRI a 
tempered and stainless strip steels . . . are available to work for you. For assistance 

in solving your problems, call your J&L Stainless and Strip Division representa- LOW CARBON + HIGH CARBON + ALLOY + STAINLESS 


tive, or write to Dept. 235Y-714. TEMPERED SPRING STEEL + ZINC AND COPPER COATED 


For more information, circle No. 363 


Jones & Laughlin Steel Corporation +» STAINLESS and STRIP DIVISION + Youngstown 1, Ohio 





CURACY 
-zinc gear 
train as cast 





High temperature plastics 


tation of my articte 
ere Do We Stand 


rors } 


LTER BRENNER 
York University 
of Engineering 
versity Heights 
York 53, N 


WHAT DO 
YOU NEED 
IN A DIE 

CASTING? 


need. wheth } discontinued the 
) es il ‘ at Selector issue 


rves the se ; Pe (GHR 


pecial in producing fo 
é oa ) } yntroi 4. abe fhe ‘“OrTrTosio 
competitive markets , Va 
Make sure early in its design. Sul On authori t ( corrostol 
abl j 10 n tha ge a t} fect 
mit your preliminary blueprints to oe TI Oa 
at wa? le a 10 co red, ie same cri c 
Advance engineers for a critical re¢ 
( ti ( e toe ) l engineers and designe) 
view. Their recommendations and pagar at face value without verifuine 
pecial facilities and processes may 
easily be the determining factor in its 


st efficient production 


proble m, and it 
corrosion table 


Selector 


RESEARCH | These svmbols are your 
anne ean a france Oo] highe ' quality , 
“ ould you be able to help me select the propel 
) pro} 
trol of zinc and aluminum tal f 7 4 
. ; ; al for use under various corrosive conditions 
. , of ] g : . . 
unde (DCI standard * example, what percent of its tensile strength 
loes aluminum alloy 2017-T4 lose after exposure to 
ADVANCE , rural atmosphere for five years? 
Corrosion properties of other materials that I 
AND DIE CASTING COMPANY as | eRe 
7 bee * alhiie ould be interested in include SAE 1020 steel; mag 
Ais ” ee tte ium, free-cutting brass; commercial bronze 


treet @ Milwaukee 12, Wisconsir 6, 2024-T4, 6061-T6, 5052-H34 and 30038 alu 
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rmation turn to Reader Service card, circle No 321 
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TO $ AS <9 
MINIMIZE 
PRODUCTION 
COSTS 


SPECIFY 


B&W Job-Matched seamless mechanical tubing 


tion and a better product at optimum low unit cost. For 
more information call your local B&W District Sales 
Office or write for Bulletin TB-361. B&W Mechanical 
rubing is also available through a nationwide network of 
independent Steel Service Centers. The Babcock & Wilcox 


Company, Tubular Products Division, Beaver Falls, 


Only through B&W can you get... 

@ such a wide selection of tubing from which to choose 

@ unbiased assistance in the choice of the type of tube 

for a given application 

Service is only one of the many reasons why it pays to 

specify B&W Seamless Mechanical Tubing. And remem 

ber matching tubes to jobs assures you of ease of fabrica- Pennsylvania, y 
e aa 


ey 


% 
Na. % 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


and forged steel flanges—in carbon, alloy and stainless steels and special metals 





Seamless and welded tubular products, solid extrusions, seamless welding fittir 
For more information, turn to Reader Service card, circle No. 358 
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DO YOU HAVE A 
PROBLEM INVOLVING 


HIGH SPEEDS... 
HIGH TEMPERATURES... 
CHEMICAL CORROSION ? 


INVESTIGATE 


(REBON 


*carbon-graphite especially 
designed for mechanical applications 


Where lubrication 

is a problem on bearings, 
blades and similar 

Sliding or rotating parts, 

PUREBON is often the ideal 


soluulol 











PROPERTIES OF PUREBON 


4. Low cost where 


2. Light weight 5. Chemically inert 
3. Readily machinable 6. Moldable to size 


1. Stable at high 








REQUEST BULLETIN NO. 60 OR 
SEE SWEET'S PRODUCT DESIGN 
FILE 


r 


PURE CARBON CO., INC. ¢ 
450 HALL AVENUE 


ST. MARYS, PENNSYLVANIA 


/ 


r more information, turn to Reader Service card, circle No 


360 
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minum alloys; yellow brass; types 303, 304 and 416 
stainless steel; K Mone . ETP copper; and 2° 
beryllium copper. 

Most information on corrosion of metals seems 
somewhat vague because the data state that corro 
sion resistance of a particular material is “excel 
lent,” “very good,” “fair” or “better than copper.’ 
What I would like is something specifi 

What would be nice is a series of corrosio! 
tables on common materials based on loss of 

rength under various conditions for 1, 
20 years of exposure 

S. Konz 
Radio Co 
Rapids, Ia 
Fe pecif nformation on cor? é we 

yagest contacting ipplic of ti arious metal 
{in excellent ource »f injorn 
Nickel Co., 67 Wall St., New York City. This cor 


any ha been determining the corrosion properte 


ation is International 


aer variou conditior for mar 


; material “7 


ears and maintain an exter ve file. 


Comments on metal fracture article 
To the Editor: 

I found the articl “Why Metals Break ar 
What to Do About It” very interesting and w 
1. I might suggest that following arti 


presented 


could logically be concerned with the fracture of 
ceramics and brittle tals, with particular atte 
tion being give n 


surface 


to ¢ gn considerations such as 
size, time, grain size, tempera 
ture, et 

J. GURLAND 
vr of Engineering 
Brown University 


Providence = 3 


To the Editor 
I have ju read the article “Why Metals Break 
1 What to Do About It” (M/DE, Apr ’60, p 127) 
s a good article, and I enjoyed reading it. 
However, I would like to point out that the cap 
tions under the two fractographs on page 136, which 
how an intergranular and a cleavage fracture, have 
peen reve rsed 
R. C. BATES 
Materials Engineering Depts 
Ferrous Application Group 
Westinghouse Electric Corp 
East Pittsburgh, Pa 


WIN CASH—Each month $10 will be paid for the best letter 
written to an author (through us), an editor, or addressed to 
this column. We reserve the right to withhold awards 








MY CALEX 


CORPORATION OF AMERICA 








SUPRAMICA’ 560 
ceramoplastic 


from the family of the world’s 
most nearly perfect insulation 





gives this MICRO SWITCH assembly 


total dimensional stability! 


This subminiature assembly—no bigger than your thumbnail—is a high-tempera- 
ture switch, the base of which is precision-molded of SUPRAMICA® 560 ceramo- 
plastic, an exclusive formulation of MYCALEX CORPORATION OF AMERICA. Precision 
made for the MICRO SWITCH Division of Minneapolis-Honeywell, and designed 
for use in missiles, aircraft and other electronic “hot spots,”’ the switch base has 
total dimensional stability at temperatures up to +750°F in this application, and 
offers a maximum temperature endurance of +932°F (unstressed) in many others. 
It has also been used in extreme /ow temperature applications as found in missile 
launching environments. 

Reports MICRO SWITCH: “Selection was founded on the characteristics of 
SUPRAMICA’S moldability, and dimensional stability and control. These are of 
utmost importance in the production and application of the 6SM switch. 

“It allows us to mold terminal inserts into the switch base, parallels the expansion 
characteristics of the stainless steel terminal inserts, and eliminates dimensional varia- 
tions during a production run. This promotes extended switch life and helps MICRO 
SWITCH maintain the quality and reliability for which our products are known. 

Precision-molded SUPRAMICA 560 ceramoplastic is a premium insulating 
material offering major economy in production scale runs. There are many 
MYCALEX CORPORATION OF AMERICA materials to meet your needs—for example, 
SUPRAMICA 620 machinable ceramoplastic offers a maximum temperature 
endurance up to +1550°F (unstressed). Write today for specific information. 





General Offices and Plant: 122-M Clifton Blvd., Clifton, N. J. 
Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y. 


World's largest manufacturer of glass-bonded mica, ceramoplastic and synthetic mica products 
9 g y Pp 


For more information, turn to Reader Service card, circle No. 427 
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To trap microparticles 
... or vibration 


... rely on Felts 


The versatility of A+ Felts makes them ideal for solving engineering and design 
problems as different as purifying liquids or gases with the AFCO FEUTRON’® felt 
filter cartridge, and isolating machinery vibrations with VIBRA-MOUNT™® absorber 
pads. These are but two of the end-results of the custom engineering with 
which A+ Felts are created to meet demanding sets of specifications. 
The AFCO FEUTRON felt filter cartridge is precision engineered 
of chemically pure fibers . . . of uniform diameter . . . giving consistent 
cartridge density and filter performance throughout 

. . A ahs c Send for this helpful FREE 
its micron range. VIBRA-MOUNT felt is used for brochure showing the many 

uses of A+ Felt as a design 

insulating production equipment, business machines and engineering material 
and sensitive instruments. It reduces 
transmitted vibration by as much as 85 


Learn how A+ Felts can improve your 
application. Send us your materials problem. 
Our engineers will follow through promptly. 
A+ FELT ABSORBS, SEALS, INSULATES, 
FILTERS, CUSHIONS, POLISHES, DECORATES 


For more information, turn to Reader Service card, circle No 
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& SUPPLY 


..- AT A GLANCE 


Price of chlorinated polyether has dropped again. New price for Hercules Pow- 
der’s Penton is $2.50 per lb for natural color, $2.60 per lb for olive drab and black. 
Last summer price of the material was dropped from $6 to $3.50 per Ib for natural 
and to $3.75 per lb for olive drab and black (M/DE, Aug "D9, p 19). 


Price cuts on specialty alloy steels have been announced by three major producers. 
Universal-Cyclops Steel Corp. made cuts of about 13¢¢ on forging billets for high 
strength, low alloy steels that go into rocket motor cases and other missile parts. 
Allegheny Ludlum Steel Corp. announced price cuts on its line of low alloy steels 
ised in high temperature applications such as jet engine parts. Details of the price 
cuts were not immediately available, as the steels affected are a large group of alloys 
that vary widely in price. Crucible Steel Co. of America announced a price cut on 
its Ladish D6 high strength alloy steel used in aircraft and missile parts. New price 


] 


is 74< per lb, down 11 per Ib. 


Price of fir plywood has dropped to its lowest level in 10 years. Roseburg 
Lumber Co. has cut its price on 14-in. thick sanded fir plywood to $60 per 1000 sq 
ft, down $4 per 1000 sq ft. Other major plywood producers say they will not lower 
their prices. 


Open hearth steel output could possibly be doubled as the result of a new process. 
It uses a combination of fuel and oxygen, and substitutes burned lime for limestone 
in order to hasten chemical and thermal reactions that convert various ingredients 
into molten steel. A 200-ton furnace charged by the new method has averaged more 
than 60 tons of steel per hr, compared with 30 tons per hr previously. The process, 
still in the experimental stage, was developed by Ford Motor Co. 


Tellurium’s price has been increased 50¢ per Ib by American Smelting & Refin- 
ing Co. Powder and slabs are now quoted at $3.50 per Ib in 100-lb lots. The price 
increase does not apply to smaller lots of the material, according to the company. 


Another price reduction for Delrin acetal resin has been announced by Du Pont. 
New price is 80¢ per lb in truckload quantities. Not long ago price of the material 
was dropped from 95¢ to 88¢ per Ib (M/DE, Feb ’60, p 23). The resin was put into 
commercial production last January. 


A new supplier of polystyrene is Shell Chemical Co., 50 W. 50th St., New York 20. 
M. Buck, general manager of the Plastics and Resins Div., says the company has 
started commercial production of general purpose and high impact polystyrene in a 
full range of colors. Production figures were not disclosed. 


Price reductions on nylon 6 molding compound have been announced by Allied 


Chemical Corp. and Foster D. Grant Co. Allied’s new price is $1.11 per lb, down 7¢ 
per lb. Foster D. Grant’s new price is $1.04 per lb, down 14¢ per lb. 
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The inherent capabilities of mag- 
nesium oxide are vastly improved 
by Norton Company processing 
Selected grades of magnesia are 
transformed in our electric fur- 
naces into high purity MAGNORITI 
fused magnesium oxide a cry 
talline material with extremel) 


iseful chemical and phy sical prop- 


Outstanding = 


Norton MAGNORITE fused MgO 
is available in a complete range ol! 


by Nature a grades, granular sizes and oll 


variety of fired shapes. For e 


ample, one top grade offers the fol 


/; ] MOTO ved lowing properties: High Electrica 
10° ohm-cm at 900°C 


Resistivity 
High Melting Point (2800°C). 


by NOK } ON Good Thermél Conductivity (0.023 
* * * . " 5 ’ “— ~ , 
Cal « Sec! « Cm? « °C"! at 700°C 


High Chemical Purity (99.5% 
MgO). High Chemical Stability with 


M A G N 0 R | E ‘ M ) Most Metals. Readily Crushable 
Fasil\ Packed to High Densities. 

Fused 
MAGNORITE fused MgO is the 


world’s most widely used brand . 
for containing special metal melt 
and keeping them free from im- 
purities . . . as insulation for ther- 
mocouples and sheathed electrical 
heating elements... as an ingredi- 
ent ol ceramik electronic com- 
ponents. Infrared transmission 
through single crystals is excellent. 
And these are just a few of the uses 
for this versatile material. 

Investigate all of the advantages 
of MAGNORITE fused MgO and how 
it ean benefit your product or 
process. Write regarding your 
specific application and for com- 
plete details. NORTON COMPANY, 
346 New Bond St., Worcester 6, 
Massachusetts. 


i 


*Trade-Mark Reg. U.S. Pat. O 


WNORTONF 


REFRACTORIES 


Engineered R Prescribed 
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f Making better products...to make your products better 


years Oi 
BEHR-MANNING DIVISION: Coated Abrasives + Sharpening Stones - Pressure Sensitive Tapes 


IN PRODUCTS: Abrasives + Grinding Wheels + Machine Tools + Refractories + Electro-Chemicals 


For more information, turn to Reader Service card, circle No. 365 
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New Materials and Processes . materials in use,” Mr. Dirkes 


iid, “minimum standards fo! 
Discussed at Design Conference — i) et te 
be determined and met 
ntrol is essential for any criti 
the key points made at l at pl en in t | application, for there 
recent Design Engineering Sig f part inging from a few itisfactory nondestructive 
(onterence was the necessity for l r a to! i for quality of these laminat 


improving present methods of bee! fully sf on s materials.” 


ining the newer metals and eta a tantalun ira High strength steel 
alloys. beryllium, olumbDlum, iolybde Rounding out the materials ses 


““ 


According 1 John S. Chyl num and zircaloy, as well as tl ons was a paper on “Some Con- 
ng research familiar ste eI m, co derations in the Use of High 

Strength Steels.” The paper, 
agreams Cal transformed be used to make weld us Tal \. M. Hall, division chief, Bat- 
into reality i "eS methods ot rocket nozzl miss domes, ell Memorial Inst., discussed 


joining new metal an be im ose cones ii) ft parts and properties, available forms and 


proved As we make progress 1) rocket motor cases i\ CCT ip i] plications of low alloy harden 


the development of new metal ‘icated by this | ess ible steels, chromium hot work 
such as columbium, vanadium, zir Reinforced plastics lie steels, martensitic stainless 
conium, hafnium, and tantalum, An interesting pal ( | steels, precipitation hardenabl 
the problems of fabricating them t use of glass-reinfor las steels and cold rolled stainless 
DY welding must also be resolved.” { ind t ! netalli on steels. 

Mr. Chyle, speaking at the Fab posite n als for missile cones Successful show 
rication of Materials Session at roc} nozzl il t part yf The 1960 Design Engineering 
the American Society of Mechani : le pa , bi il Show, sponsored by Clapp and 
cal Engineers’ annual Design En liam E c f of th la ak, Inc., concentrated on prod 
yineering Conterence, pointed out ti Sranch iterial P ts of the future. Over 400 lead 
that there are several new pro tory, Wright-Patt 1 Air Ff ing companies’ exhibited’ such 
esses that may answer some of Base, pointe t that thes la things as metallic and nonmetalli: 
the problems. Two of the proc rials ci | | th trengtl materials; finishes and coatings; 
esses described were developed by weig! phiabilit h etal forms and shapes; fasteners and 
the Russians: friction welding lack. addition, they can | adhesives; mechanical, electrical, 
ind electroslag welding. Other tailored to specific 1 n th electronic and hydraulic compo- 
processes discussed were electron other hand, “ thi vari nents; and research, testing and 
beam welding and brazing of ait ability, uncontrolled, can | other services for product devel 
crait structures. astrous ivoid fall f opment 
Explosive forming 

Also covered during the Fabri 
cation Session was the shaping of 6 
metal parts by explosion. Accord. PeOWder Metallurgists Cover 
ing to papers by Vasil Philipchuk, e a s s 
manager of the special projects TeSting, Dispersion Hardening 
dept., American Potash and 
Chemical Corp., and R. A. Cooley, The increasing importance of at the 16th annual Technical 
vice president, Propellex Chemi developing effective nondestruc Meeting and Exhibit of the Metal 
cal Div., Chromalloy Corp., this tive testing techniques for metal Powder Industries Federation 


) 


forming method is solving many powder parts was clearly evident (continued on p ) 
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*YOU ARE LOOKING AT HUNDREDS OF TEFLON AND KEL-F PARTS 


MANUFACTURED BY THE FLUOROCARBON COMPANY. for a first hand /ook at our material 


We specialize in Rod, Tube, Sheet, Tape and LOX Grade Materials». Fabricated and Machined Parts 


ca// 


Fluoroc/ad and Epoxy Bonding and Fluorocoatings. Ca// or write today for our brochure or a visit from one of our 


nae oar, ae LUOROCARBON COMPANY 7/206 East Ash Avenue, Fullerton, California - MAdison 6-9369 


tlon Reg 1.M E+ DuPont Kel-F Reg TM. Minn. Mining & Mtg 





metallurgy, stainl el powdel turers of powder metallurgy me 
metallurgy perallo: powde} chanical and structural compo- 
metallurgy, nickel-coated compos nents and self-lubricating bear- 
ite powders, and on low 
temperature impact strength of now, this group has been 
sintered stee Also, three talks somewhat divided: part of the 
were given on testing, evaluation members belonged to MPIF and 
and use of magnetic powder part had their own separate or 
en nonde PMPMA joins MPIF yanization. The members of both 
ng opened the aia One of the most important groups now constitute a new Pow 
The first covered features of tl ing was th der Metallurgy Parts Manfac 
announcement that } Powde) turers Assn. operating within the 


Metallurgy rts Manufacturers framework of MPIF 


resonance testing ol 
intered small arms com 
second presented the (ssn. has ul 1 with MPIF to The joining of forces means 


’ y +} siwt { } wey that . saneis . ‘eAnre 
a linear relation become ‘ ie Federa hat the Association now repre 


ship exists between strength and tion’s autonomous tra associa sents not only the majority of 
ardneas in cemented carbide. If tions companies engaged in the con 
the theory car proven in actual Founded in 1957, PMPMA was tract manufacture of powder 
could replace in independen ide association metallurgy parts, but also by far 
of these expen representing ontrat manutac the greatest volume of production 
oducts. The third testing 
ered density variation “ 

powder metallurgy Organo-Metalloids Covered at Symposium 

yf eddy currents 
highlights o A special two-day symposium, materials problems, particularly 
iven | designed to stimulate research on as insulation or as component 

Massachuss n materials for extreme condi parts of advanced machinery 
Technology on pow ns of temperature, pressure, Some of the subjects covered: 
metallurgy fundamentals. D1 speed, corrosion and _ radiation, coordination polymers, synthesis 
discussed advancements was recently held at Armstrong of phosphorus and silicon-contain- 
n dispersion strengthening Cork Co.’s Research and Develop ing polymers by a cyclic mechan 
powder metallurgy ment Cente ancaster, Pa ism, polymers containing tin, 
interest COV The new materials, especially properties of boron phosphorus 
d at the n r were: appli the organo-metalloid polymers, are polymers, and thermal stability in 
lve many future polymer materials 





ASM Discusses Space Materials 


] 
| 
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News of Societies 





ial role of materials space nvironments and_ the 


space flight was the subject of unique materials required for Copper & Brass Research Assn. 
ecent two-day technical meet generating pow In outer space has elected the following offi- 
1 1 ‘ 17 "ers: "esi » M > ¢ » 
ted by the Cincinnati, ind prope r space ships oh gg gga gg as Mm, 
. . rr . “ > 1ase rass z opper 5 
ind Columbus Chapters lhe final ion, “Materials fon r PP inet ae 
senior vice president > ©. 
Dunlaevy, Phelps Dodge Copper 
ered materials to withstand the Products Corp.; treasurer—F. L. 
meeting was divided into meteoric heating encountered on Riggin, Sr., Mueller Brass Co.; 
sessions. The first, “Space re-entering the earth’s atmos managing director—T. E. Velt- 
fort; and secretary—Carl H. 
Its Unique Demands on phere, especially those used in the Pihl ; 
li. 
introduced and _ ex- X15 aircraft and the Project 


American Society for Atmospheri te-entry,”” consid- 


American Welding Society has 
elected R. D. Thomas, Jr., Arcos 
Corp., 1960-1961 president. The 
Vehicle Launching Sys cussed were: how metals behave Society has also honored the 


he critical problem areas Mercury manned re-entry capsule 


nd session, “Materials Some of the specific topics dis- 


covered the materials used in f intense vacuum of outer following men: B. E. Rossi, 
editor, The Welding Journal, has 
received the Samuel Wylie Miller 
National Award; and Dr. Robert 
D. Stout, Lehigh University, has 
third session, ““Materials for Use and materials for the giant rock been named this year’s Adams 


if rocket engines, space, how materials behave in 
perimental nuclear roc the white-hot nose cones of mis 


inder development. The siles and manned space capsules, 


in Outer Space,” discussed testing et engines required for launch Lecturer. 


| 


of materials under simulated ing space vehicles 











€ For more information, circle No. 409 Coming VMeetings on p 25 —-» 
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This thing wouldn't run when we plugged it /n, 


BuT, WE’D LIKE TO SEND YOU THE PIECES* 


to introduce you to parts mac m an important factor in complete uniformity of mass- 
Glidden Resistox Metal Powder produced parts 
You may find that metal powder parts simila ) As a leading supplier of metal powders, Glidden 
these, or perhaps in entirely diff t form, can mean works closely with parts producers. This places the 
substantial savings in manufacture of your products combined training and experience of several staffs of 
Glidden Resistox Metal Powders are prepared by a metallurgists and technicians at your disposal 


special process which removes ai/ soluble salts, result 





stable powders for highest finish, appear 
formance charact “Write on vour letterhead for sample parts package 
ance characte 


and further information on powdered metal products 
s the world’s : 








30,000 | 





RESISTOX METAL POWDERS 
The Glidden Company 
Chemical Divisions, Metais Department 


Hammond, indiana 


LTER POWDER 


IP PER PIGMENT 
For more information, turn to Reader Service card, circle No. 364 
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Coming Meetings 





NATIONAL ASSN. OF METAL FINISH 
ERS, annual meeting. Los Angeles. 
July 22-24. 


AMERICAN ELECTROPLATERS’ SOCIETY, 
annual meeting. Los Angeles. July 
24-28. 

itTH NATIONAL HEAT TRANSFER CON 
FERENCE AND EXHIBIT, American In- 
stitute of Chemical Engineers and 
American Society of Mechanical 
Engineers. Buffalo, N. Y. Aug 14-17. 


SOCIETY OF AUTOMOTIVE ENGINEERS, 
INC., national West Coast meeting 
San Francisco. Aug 16-19. 
PRODUCTION ENGINEERING SHOW. 
Chicago. Sept. 6-16. 


MACHINE TOOL EXPOSITION, Nationa 
Machine Tool Builders’ Assn. Chi 
cago. Sept 6-16 


ELECTRONIC INDUSTRIES ASSN., fall 
meeting. French Lick, Ind. Sept. 
13-16. 

AMERICAN Die CASTING INSTITUTE, 


annual meeting. Chicago. Sept 14-15 


STEEL FOUNDERS’ SOCIETY OF AMER 
ICA, 58th fall meeting. Hot Springs 
Va. Sept 18-20. 


POWER CONFERENCE, American So 
ciety of Mechanical Engineers and 
American Institute of Electrical 
Engineers. Philadelphia. Sept 21-23 
NATIONAL FOUNDRY ASSN., annua 


meeting. Chicago. Sept 22-23. 
AMERICAN WELDING Society, INC. 
national fall meeting. Pittsburgh 
Sept 26-29. 


15TH ANNUAL INSTRUMENT-AUTO 


MATION CONFERENCE AND EXHIBIT, 


Instrument Socie ty of America. New 
York City. Sept 26-30 

RUBBER AND PLASTICS CONFERENCE, 
American Soci¢ ty of Mechanical 
Engineers. Erie, Pa. Oct 9-12. 


} 


ELECTROCHEMICAL Society, fall meet 
ing. Houston, Tex. Oct 9-13. 


NATIONAL ELECTRONICS CONFERENCE, 
INC., 16th annual meeting. Chicago 
Oct 10-12. 

PRESSED METAL INSTITUTE, annua 
meeting. Shawnee-on-the-Delaware, 
Pa. Oct 10-14. 


SOCIETY OF THE PLASTICS INDUSTRY, 
INc., 16th annual New England Sec- 
tion conference. Wentworth-by-the 
Sea, Portsmouth, N.H. Oct 13-14. 
NON-FERROUS FOUNDERS’ SOCIETY, 
annual meeting. Asheville, N.C 
Oct 13-15. 





SPECIFY 
REEVECOTE 


the most complete line of 


coated fabrics for industry 


The REEVECOTE line of natural and synthetic rubber coatings 
is the most complete source of engineered industrial coated 
fabrics available to the design field today. 

Reeves Brothers research—development—quality control—guar- 
antee that REEVECOTE will meet the required specifications 
in your industry. Whether it’s resistance to high temperature, 
oil or abrasion—or flexibility at low temperature or room temper- 
ature, or any other special requirements, there’s a REEVECOTE 
designed to do your job. 

That’s why, if a coated fabric is used in your design 


always specify Re 
REEVES 


Reeves Brothers, inc., Vulcan Rubber Products Division 


1071 Avenue of the Americas « New York 18,.New York 


nformation, turn to Reader Service card, circle No. 446 
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bend, stamp, Cub 
and form away! 
this e pre- finish’ 
stays put : 




















VINYL-ON-METAL is cooperative. 
Stamp it out. Punch it out. Even 
weld it! Form it the same ways you 
form unfinished sheets. The unique 
colors, textures and patterns of 
Vinyl-on-Metal sheeting or coils 
remain unaffected. The tough 
resilient surface stays—won't chip 
or peel in use. It protects against 
tearing or wrinkling—minimizes 
Jb] af-le-mel-lear-}-4- mele aial-Mmr-lelaler-) dle 
and assembly. Vinyl-on-Metal 

is already widely and successfully 
used for furniture appliances, 
transportation interiors, building 
construction, and in many other 
fields. For a highly informative 
booklet, ‘“Vinyl-on-Metal,’’ write to 
Monsanto Chemical Company, 
Plastics Division, Room 753, 


Springfield 2, Mass 


Monsa 
Uitron 


num 


nto developed and today supplies Opalon® and 
vinyls for superior finishes on steel, alumi 
and other metals, and on wood, paper and glass 


4 
\f 


For more information, turn to Reader Service card, circle No. 369 





THESE 13 SPECIAL ALLOYS FROM 


can help you solve design problems . . . 


As the result of the knowledge qained over the years by working closely with hundreds 
of customers in helping solve innumerable design and production problems, the Mueller 
Brass Co. has developed a series of special alloys for use in tough or unusual applications. 


This group of special alloys, each having distinct characteristics and advantages, are 
available in rod form in many sizes and shapes as well as forgings. 


CHARACTERISTICS AND APPLICATIONS — TEMPER 








BRINELL 
“Tuf-Stuf" Aluminum Bronze 1000 KG load 
165 
BRINELL 
TUF-STUF® ALUMINUM BRONZES AND NICKEL ALU- 2246-75 “Tyf-Stuf” Aluminum Bronze 1000 KG load 
MINUM BRONZES have great strength characteristics. 175 
All are more resistant to corrosion cracking under load nes BRINELL 
than copper-zinc alloys and, in addition, some are - int 
heat-treatable. They can withstand heavy pounding | Tuf-Stuf” Aluminum Bronze 1000 KG load 
and have proved excellent for such parts as gibs, - — 185 
coms, valve seat inserts, shifting forks and propeller | BRINELL 
hub cones. “Tuf-Stuf" Aluminum Bronze 1000 KG load 
200 
BRINELL 


“Tuf-Stuf" Nickel Aluminum Bronze 3000 KG load 
250 

















ALUMINUM SILICON BRONZE is free turning; has high ROCKWE 
strength, is corrosion resistant and non-magnetic and Aluminum Silicon Bronze ° 75 ul-8 


resistant to corrosion cracking under load. 





Forgeable Bearing Alloy — 


600 SERIES” FORGEABLE BEARING ALLOYS range Tgp > ROCKWELL-B 
from high strength to low leaded ductile. All are Forgeable Bearing Alloy 87 
corrosion resistant, free cutting, can be used with hard ? ROCKWELL-B 
or soft mating members and can be soldered. They Leaded Forgeable Bearing Alloy 87 ‘ 
are employed in a great variety of applications ranging _ = 
from pump gears and valve stems to pinion shafts . . ROCKWEL-8 
end taneutecion dnap. ' High Leaded Forgeable Bearing Alloy 86 

Low Leaded Forgeable Bearing Alley ae 


Manganese Bronze A ——= 

















MANGANESE BRONZE ALLOYS are exceptionally 

strong, tough, resistant to shock and corrosion. Good - a 

for screw machine products and forgings for aircraft BRINELL 

ports. Manganese Bronze High Tensile Grade B 1000 KG load 
200 

















TELLURIUM COPPER has very high electrical and 
ROCKWELL-8 


thermal conductivity combined with good corrosion Telluri c 
resistance and machinability. Excellent for electronic Se te ee 45 


components. 


| 
| 














NOTE: The values shown ore average values n ations must be expected 
basis for specifications 


in proctice. The volves should be ed as a 


ONE DEPENDABLE SOURCE FOR 
vit 
- —_— 


COLD-PREST’ IMPACT EXTRUSIONS 
SINTEEL” POWDERED METAL PARTS FORMED COPPER TUBE 


VIUELLER BRASS CO. 
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THE MUELLER sarass co. 


lower costs and improve your products 


Mueller Brass Co. engineers and metallurgists are always ready to assist in the selection of 
the proper alloy for your particular product. 

Regardless of your responsibility...design, specification, production or purchasing... Mueller 
Brass Co. special alloys can help you lower costs and improve your products. Call the “Man 
From Mueller Brass Co." today and put these remarkable alloys to work on your toughest jobs. 





‘ , Relative 
Yield Str Tensil hinabil 
at 0.5% al Strength ye rr 
Lbs./Sq. In. Lbs./Sq. In. Brass=100% 





50,000 82,000 30 


65,000 ’ 30 





62,000 





























ROD SHAPES FOR SCREW MACHINE PRODUCTS 








For further information on these giloys 
write today for Special Alloys Kit No. 
13. Engineering information on other 
fabricated products is also available . . . 
please specify the manual you desire. 




















ALL THESE QUALITY PRODUCTS 


CUSTOM EXTRUDED PLASTIC SHAPES 
SAND CASTINGS AND INJECTION MOLDINGS 


PORT HURON 21, MICHIGAN 


For more information, turn to Reader Service card, circle No. 406 
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Joe Foster, President, 
offers customers Foster Grant's 
4ly ; of molding experience. 


“Let me tell you 
about the world’s 
largest plastics 
laboratory,” 
says Joe Foster. 


That's what customers call our molding room—a 
plastics ‘laboratory.’ 


I'd have to agree with them, too, because | know that 
we're the only company serving the plastics industry 
both as a manufacturer of polystyrene, impact poly- 
styrene and Nylon 6 resins, backed by 41 years of 
molding know-how. 


This means that as the world’s largest manufacturer of 
Sunglasses we use our own powder to mold with. And, 
believe me, since we introduced injection molding to 
America in 1931, we’ve met just about every molding 


problem in the book. 


Our unique combination of raw material and end- 
product know-how makes it possible for us to help you 
with machine and mold design, tools and dies, color 
matching, marketing, styling, packaging and displays. 


Nhen you use Foster Grant resins, you draw on un- 
rivaled plastics experience...experience that can help 
make your molding operation more efficient and more 
profitable. 


Why not call or write us today. Foster Grant Co., Inc., 
Leominster, Mass., KEystone 4-6511. 


NT 


Your Partner in Plastics Progress 


Plants in Leominster, Mass., Manchester, N. H., Baton Rouge, La 
Branch Offices and Warehouses in principal cities 


For more information, circle No. 397 





Machine it! 
aa Oh MERE coe Zola @ 


Prehardened 


VISCOUNT 44 


High Strength Steel 





No Further Heat Treatment Necessary! 


Here’s the high strength steel that cuts engi- 
neering and maintenance problems to the bone 
on maintenance and machine tool applications, 

NOMINAL ANALYSIS Unexcelled strength, good toughness and in- 
creased wear resistance — these are the advan- 
tages of VISCOUNT 44, even when exposed to 
Silicon 1.00 Molybdenum. 1.20 temperatures up to 1000°F. 


Carbon 40 Chromium 5.00 


Manganese 75 Vanadium 1.00 

More important, risk of size change and 
distortion of critically-engineered parts during 
heat treatment is completely eliminated. VIS- 
COUNT 44 is furnished prehardened at Rock- 
well C 42-46 .. . it’s practical to machine... 
Furnished Hardness RC 42-46 easy to work! 


plus Alloy Sulphides 
MECHANICAL PROPERTIES 


Tensile Strength 180,000-220,000 psi 
Yield Strength 
(0.2% offset) 160,000-200,000 psi Have a high strength steel 
a a 7 40-50% problem? Call a Latrobe 
: ’ sales engineer today! Or, 
10-159 , "TOW TAI 
Elongation, 2 3% send for VISCOUNT 44 
Coefficient of Expansion literature. » 
80-1000°F 7.0 x 107° inches inch F 


TYPICAL APPLICATIONS 
Soindies + Shafts + Brake Dies + Forming Rolis «+ Tie Rods 


Arbors + Axies «+ Bolts «+ Structurais *« Cams 


ee Metalmastou LATROBE STEEL COMPANY 


LATROBE, PENNSYLVANIA 
BRANCH OFFICES and WAREHOUSES: 


BOSTON BUFFALO CHICAGO CLEVELAND DAYTON DETROIT HARTFORD LOS ANGELES 
MIAMI MILWAUKEE NEW YORK PHILADELPHIA PITTSBURGH SAN LEANDRO TOLEDO 


more information, turn to Reader Service card, circle No. 417 


ENGINEERING 





“Bagging” Eliminated by Using OFHC” Anodes 
for Plating Zinc Die Castings 


The even dissolution of impurity-free OQFHC Brand Anodes elimi- 
nated the need for costly anode bags at Hilfinger Corporation of 
Toledo, Ohio. With anode bags discarded, all plating copper is 
utilized—none is wasted in bags that gum-up and require frequent 
down-time for cleaning or replacement. Now Hilfinger gets con- 
sistently smoother plating on automotive and appliance zinc die 
castings in copper cyanide baths. And by eliminating “bagging,” 
OFHC Brand Anodes permit higher current density operation 
faster, more economical production 


Smoother Plating, Less Scrap with OFHC Anodes = : 
Three small drums of “fish’ 


Hilfinger saves on scrap too! The resultant “fish” from OFHC _all that remains of 10,000 
Anodes are stripped to the bone—less than 8% of the original Ibs. of OFHC Anodes! 
weight. OFHC Anodes keep producing and dissolving uniformly 

from top to bottom. They are the purest anodes produced, 

99.994 copper, completely free of oxides and residual deoxi- 

dants. Purity and high density result in smoother plating with less AM C0 


scrap loss more usable copper per pound of anode. a 
— 7 . a division of 


Free technical publications to help you obtain better plating are American Metal Climax, Inc. 
available from OFHC Anode Distributors, or directly from AMCO _ 1270 Avenue of the Americas 
Technical Service Section. Ask for them today. Rockefeller Center, N. Y. 20, N.Y. 


For more information, turn to Reader Service card, circle No. 439 
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Better base 
for printed circuits 
...Panelyte 


No matter what dramatic new uses 
you find for printed circuits ... no 
matter what requirements you spec- 
ify...count on Panelyte Copper-Clad 
Laminates for consistently superior 
construction 

At present, you can choose froma 
wide range of properties in six differ- 
ent grades. And St. Regis Panelyte is 
working to perfect structural quali- 
ties which will meet your future 
needs, as well. 

Whether you’re looking for less 
warp, more flexural strength, shock- 
resistance, or any special combina- 
tion of characteristics, bring your 
copper-clad laminate specifications 
to Panelyte. We’re also equipped to 
serve you promptly with laminated 
plastic sheet, rod, or tube in Military 
and NEMA Grades. The name again: 
St. Regis Panelyte. For complete in- 
formation and the address of your 
nearest Panelyte distributor, write 
Dept. MD-760, St. Regis Paper Com- 
pany, 150 E. 42nd Street, New York 
17, New York. 


St.Regis 


PANELYTE 


For more information, turn to Reader Service card, circle No. 334 


IN DESIGN ENGINEERING 





ae 


¥08 
parE: 


“ 


| 
f 


“Versatile is the word forMiARLEX ” 


An unbreakable, lightweight dinghy durable school because its use either improved the product or achieved 
furniture traveling case corrosion-proof water sof equal quality at less cost 


rope tnat MARLEX Is tough rigid 


housewares boilable 


tener tank crack resistant coated wire colorful strong 
floats detergent bottles lightweight non-allergenic unbreakable resistant 
frozen food packages baby bottles thick and thin to chemicals, oil, greases, rust, rot, corrosior 


, heat and cold 
stain-proof, durable rugs and (250°F to 


packaging wraps and bags 


180°F). MARLEX items can be injection molded, 
fabrics 


acid resistant, flexible and corrosion-proof pipe thermoformed, extruded 


machined, welded, and printed 
and tubing non-conducting electrical conduit bio 


upon. In fact, no other type of material serves so well and 
logically inert surgical gauze! so economically in so many different applications 
These and the other items shown above are a recent Perhaps MARLEX can serve you! If interested, contact 
of products made with us for further 


MARLEX high density polyethylenes, ethylene copolymers, MARLEX resins 


*MARLEX is a trademark for Pt 


sampling of the wide variety details and technical data on available 


and Tailored Resins. In each case, MARLEX was chosen 


1ILLIPS CHEMICAL COMPANY, Bartlesville, Oklahoma, a subsidiary of Phillips Petroleum Company 
PLASTICS DIVISION OFFICES 

NEW ENGLAND NEW YORK AKRON 

322 Waterman Avenue 80 Broadway, Suite 4300 318 Water Street 111 S. York Street 317 N. Lake Ave 6010 Sherry Lane 

East Providence 14, 8.1 New York 5, N.Y Akron 8, Ohio Elmhurst, til Pasadena, Calif Dallas 25, Texa 

GEneva 4-7600 Digby 4-3480 FRanklin 6-4126 TErrace 4-6600 MUrray 1-6997 EMerson 8-1358 

EXPORT: PHILLIPS PETROLEUM INTERNATIONAL CORPORATION © P.O. Box 7239, Panama City, Panama @ Sumatrastrasse 


CHICAGO WESTERN SOUTHERN 


7 


Zurich 6, Switzerland 
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K Oakite 


For heavy-duty 
protect ion a 


under paint 





wy. 


Oakite CrysCoat zinc phosphate coatings 
keep rain and rust from ruining steel 


C_rysCoat suv phosphate pre-paint treat You can count on all to give product lasting 


t provides lasting corrosion resistance beneatl protection, lasting appeal. But there’s a right on 
nt under all kinds of heavy punishment. to match your protection and or economic re 
rst, it locks paint and steel together. Then, it quirements. Ask the Oakite man to help you 
back corresion at any point of future paint elect it. Meanwhile, write for Bulletin F-8979 
lest panels usually last well over 1,000 Qakite Products, Inc.. 3811 Rector Street, New 
salt spray tests— four times the 250 hours York 6, N. Y. 
juired by government specifications, 
rvsCoat zine phosphate coatings are easy to it PAYS to ask Oakite 
oo. You use only one material for make 
vame material for up-keep... only 
titration test for analysis no chance 


] 
material, or with the wrong con- 


Pamiiy ol Oakite ( rvs( oat process - 
rine phosphate as well as iron phosphat 
ippli ition and for tank ver Est. 1909 


erature or heated operation. ears’ leadership in industrial cleaning 
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EAR LEANING EXPERIENCE + OVER 250 FIELD SERVICE MEN ¢ OVER 160 MATERIA 


Special fastener does it better at half the cost 


OLD BOLT 


The sleeve-type bolt was used as 

a steel strapping handle for railroad cars. 

Not only was the weld expensive, but the part 

had inadequate strength for the holding of heavier loads. 


NEW BOLT 


Bethlehem fastener engineers designed this 
forged-eye bolt. A greatly increased strength resulted 


from both the new design and the use of a heavier material . . . 
at half the cost of the old style bolt! 


steners 1s just One examp! ( neers have stu ir 
an study your problem Ips what we cat 
ympletely different design—can do solution, we’'l 
{ at lower cost. Bethlehem makes just fully satisfied 
of steel fastener specialty —forgings, rods fast delivery. Just 
mping 


h pencil sketch or drawing of the part BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


mensions. After our fasteners eng Export [ tor: Bethle t Ky poration 


BETHLEHEM STEEL gee 


383 
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from factory floors...to tobacco conveyors... 


GAMBLE solves problems with WOOD! 


a unique organization designing and building a 
wider variety of wood products than any other 


PROBLEM: Ordinary industrial wood block flooring 
was breaking up rapidly at heavy-traffic spots like 
loading docks, intersections, and aisles 


SOLUTION: Wood engineers at Gamble Brothers 
developed a laminated end-grain hickory block 
which lasts up to 10 times longer, despite punish 


ing loads that quickly break up ordinary flooring 


_ 


PROBLEM: Tobacco conveyors required long orifice 
forming slats whose dimensions would not change, 


even after use in a moisture-control operation in 


cigarette-making 


SOLUTION: Gamble Brothers designed a laminated 
lat of maximum dimensional stability, bonded by 
water-proof, heat-proof, non taste-imparting ad- 
esives. Our facilities enabled us to build the slats 
under environmental conditions identical to those 


to be experienced at end use. 


Design problems like these are “all in a day’s 
rk” to the wood engineers at Gamble Brothers 


U. S. woodworking company. Today they're work- 


ing in three principal areas: (1) improvement of 
present wood products (2) development of new 
wood products (3) product development in com- 
binations of wood and other materials. 


Why not present your design or component 
problem to Gamble Brothers? WOOD may be 


the answer! 


FREE booklet illustrates GAMBLE services 


This 28-page booklet de- 
scribes Gamble facilities and 
services in detail. Includes 
many photographs of unusual 
products designed, tested 
and «perfected by Gamble 
Brothers. Write for your 
Opy today ! Gamble Brothers, 
Inc., 4627 Allmond Ave., 
I sville, Ky 


Soleing Pallas in Wood egiaiam | 


If the problem involves wood, Gamble can help! 


} GAMBLE BROTHERS, INC. 


4627 Alimond Avenue, Louisville, Kentucky 


For more information, turn to Reader Service card, circle No. 387 
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You'll form it faster with because...one machine pass 
can take you from brass strip or sheet to a completely formed pen cap, 
hose coupling, lighter case, lamp base or similar shape. And Western 
Brass offers a special advantage. Users will tell you that our skill in 
annealing and rolling actually gives them more strip per dollar... more 


You'll make it best with “tailor-made” Western Brass. 











v 


OLIN MATHIESON + METALS DIVISION * EAST ALTON, ILL., NEW HAVEN, CONN BRASS 


For more information, turn to Reader Service carc 


JULY, 1960 e 39 





COLUMBIA lighting fixtures reflect 
more sales with Du Pont DULUX Enamel 


rT) _ 
W D 
® Bright, clean “Dulux” in high-reflectance 
white and pastels adds sales appeal to 
a wide range of lighting fixtures for lead- 


ing western manufacturer 


finishing techniques speed pro- 


assure tough, uniform coating 


® Development of Columbia's efficient 


finishir g program is a typical result of 


Du Pont-customer teamwork 


Pont Finishes Service Package —FORMULATION, APPLICATION, 


ENGINEERIN( 











PASTEL SHADES 
P Co } 


NEW TOTE TANKS 
I) C ¢ ent tor 
100-gal. 
ners reduce 
nent 
nd conserve sp ice, 
ed in at 
n ferred 
nd). Here 
’ fore- 


vell, plant su- 


heck viscosity of 


ELECTROSTATIC FINISHING assures a uni- 
form coating of durable “‘Dulux’’. Here, 
’ disks fling negatively charged paint 
ysitively charged metal louvers, 


little or no overspray. 


STEAM SPRAY is final finishing opera- 
tion before fixture parts enter bake oven, 
\ Du Pont development, the steam spray 
gives maximum coverage with one pass 
of the spray gun. Note steam “bleeding” 
from gun not in use, preventing moisture #8 


in paint. 


BRIGHTNESS TEST shows high reflectance of 
“Dulux” Enamel. Ron Kimm of the Columbia 
stat? takes reading of illuminated louver on Spectra 
Brightness Spot Meter. 


FOLLOW-THROUGH — Sef¢s Joday’s Production Pace 
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ng suggestion: When your 


j-money savl 9 
.e] castings, take a 


Here’s a time ant 
yroblem 1nvoO 


less ste 


lves stain! 
and keep (Ds| quality 


ig thinking. 


design | 


from engineers everywhere 


tip 
high in your engineerll 


And for good reason. 
:ctured 1n Dodge du tile 


vality that 1s ™ ynut 
is vailabl 


astings e to you 


The same q 
arbon, and low illoy ¢ 


iron, ‘ 
/ castings, too. 


in [ps| sta nless steé 
For better ‘ ustomer service, 
© ‘DS qu LLity 


fac ties to produ 
ahead” expans 


idded a host of new 
| castings. 
ion program that 


and machine 


we've 


st rinless ste 


This is part of our “look 
nticipates your needs for qu ‘lity foundry 


shop prod ictsS 
chown on this pase will serve to 
can be ot ass 


We'd be happy to 
ht: Why not 


Perhaps the castitp» 

rk an idea of how Doage istance for 
your st iinless steel casting needs. 
on your req \irements. Good thoug 


let us do it today 4 


quote 





DODGE STEEL COMPANY 


PR 65 
opucTs 01 State Road+ Philadelphia 35, Pa.+DEvonshire 2.2200 
, Pa. ire 2- 


more informat 
ion, turn to Re 
ader Service card, circle No. 344 
more inform 
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CREATING NEW SOLUTIONS To New eeosiems EEE arenrrererermrmms 





ADDING FIGURES 
IN MILLISECONDS... 


One of a series illustrating how General Plate Clad Metals help uncover new horizons 
in one of many fields of engineering accomplishments: DATA PROCESSING 


New Products made with New Materials... 
New Processes... 


USED IN NEW AND DIFFERENT WAYS 





rY r the rt 
mong th 


important cor ALIRON reduces costs by 
tions to the succe f as formerly us¢ 
ig pee 1 data proce ng General Plate A 
equipment is_ the of i 
General Plate ALIRON® (alu in industry after industry 
clad on both sides of low carbon steel) fabri developed constantly 
nodes for electron tubes. The aluminum alloy, No matter what your me 
consult with Metals & Cont 


irface layers, combines with the steel layer 
f [ vast experience in cladding p 


The steel assures adequat metal 


1 lor anoae 
LIRON 
uSE { 


Dinations Of clad metals avaliable 


f the tube to form a dark gray surface 
can overcome our met eTing probien 
or drawing operations. In addi multiple property re 

] 


juirement . . often reduce cost 
ed performance characteristics, Write for inforr 


nation today 


4 TEXAS INSTRUMENTS 
Uy INCORPORATED 


METALS & GONTROLS DIVISION 
1607 FOREST STREET ° ATTLEBORO, MASS. 


GENERAL PLATE PRODUCTS 


) Plat 
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Reader ervice 


Use these postage-free cards to request: 


@ SUPPLIERS’ FREE LITERATURE. Turn page for current list, pp 47-51. 
@ INFORMATION ON ADVERTISED PRODUCTS. Key numbers appear on or next to most advertisements in this issue. 


m@ MORE INFORMATION ON NEW PRODUCTS. A key number is given at the end of most articles in the 
What's New in Materials section. 


mw REPRINTS OF M/DE MANUALS. These are available for a small charge; see reverse side of this card. 
w SUBSCRIPTION TO M/DE. Just check one of the blocks provided at bottom of reply card 


Simply circle the appropriate key num- 

bers on the card and drop it in the FIRST CLASS 
mail. Be sure to print your name, title PERMIT NO. 1538 
and business address. | NEW YORK, N. Y. 


*s BUSINESS REPLY CARD 


No postage stamp necessary if mailed in the U. S. 
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Polypropylene resin ; eevceseeuces 
sold in three grades 161 ; THIS CARD NOT GOOD AFTER SEPTEMBER 1 
Asbestos prepreg > Meme Title 
withstands 5000 F : ‘ 
New ABS plastic for - Firm 
niection molded parts 
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OTHER NONMETALLICS 
Semiconductor for 
thermoelectric coo!ing 162 ’ Students and fore bers (other tha anadia p request literature directly from manufacturers 


Resin-treated fabrics 
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Urethane Foam. Sterling Alderfer Co. 
1 pp, illus. Mechanical and physical 
properties, prices, sizes, and typical 
uses of urethane foam seals, vibration 
dampeners and sound proofing. 1 


Conversion Coating for Aluminum. Am 
chem Products, Inc., 6 pp, illus., No 
1424B, General information, advan 
tages, types of aluminum products 
method of application, temper- 
ature range, ard other data on a line 
chromate and phosphate chemical 
ymversion coatings for aluminum 
parts 2 
Copper Alloy Forgings. American Brass 
Co., 16 pp, illus., No. B-9. Mechanica! 
ind physical properties, advantages 

ind typical appl cations f die 
per alloy forgings 3 
Sulfur Copper Alloy. American Metal 
Climax, Inc., Amco Div., 8 pp, illus., 
l nformation, adva1 


coated, 


pressed 


17. General 
mechanical and physica! prop 
es, ar.nealing and drawing charac 
eristics, and typical applications of a 
ilfur ce pper alloy 4 
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Chemical and 
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advantages am 


Aluminum Bronze Alloys. 
Inc., 20 pp, No ie 
pny cal prope rties, 
typical applications of nine aluminum 


ze alloys 5 


Alloy Steel Pipe. Babcock & Wilcox C 
Tubular Products Div., 4 pp, illus., N 
M. Compositions, normalizing data, 
structure, and mechanical and 
‘ loy stee] 


y 7 t 
1 tubing. a 


hysical properties f all pipe 


Plate. G. O. Carlson, 
Inc., 4 pp, illus. General information 
! izes and types of stainless steel 
lates available from this company. 7 


Stainless Steel 


Density Polyethylene. Celanes« 
es Co., 12 pp, illus. Typical ap 
general advantages, and 
cal data on physical, mechanical, 
ctrical and chemical properties of 
five grades of high density polyethy 
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Rubber Compounding and Molding. ©0o 
nia Rubber Co., 16 pp, N 
information on services 
facilities available for producing 
compounds and rubber mol 

a wide variety of uses. 9 


High 
Plast 
plicat 


‘ 
ecnr 


1oOns, 


illus., 


60, General 


Industrial Ceramics. Coors Porcelain Co., 
18 pp, illus. information or 


pp, General 
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ivailability, sizes and typical proper 
industria tube mate 
and high alumina ceramics for 
ical and structural applications. 

10 
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rials 


elect 


Silicone Materials. Dow | 
12 pp, illus., No. 10-126. Engineering 
lata, processing information, impor- 
tant electrical and mechanical proper 
es, and typical applications for sill 
cones, 11 


Pont de Ne 
Dept., 4 


Acetal Plastics. FE. |. du 
mours & Co., Polye 
pp, illus. General inf mation, specific 
advantages and typical applications of 
acetal plastics 12 


ries of bul- 


hemicals 


Felts. Felters Co., ill Se 
etins describe important characteris- 
t of felt used ( c motor de 
sign, 13 
restone 
Div., 12 
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Styrene-Butadiene 
Plastics Co., ¢ 
pp, illus. Typi 
pounding, methods of application and 
ther technical data on a styrene-buta 
diene latex for metal coating 14 


Latex. I 
il Sales 


nen a 


rmaline Products, 
antages, propel 


Reinforced Plastics. F 

ne., 4 pp, illus. Ad) 
ties, typical applications and molding 
techniques for a line of re nforced 
plastics premix molding compounds. 15 


TFE and CFE Rod, Sheet, Tube. Fluoro 
carbon Co. Data on fabricated and 
machined fluorocarbon plastics rod, 
sheet, tube and tape Included is in 
formation on clad materials, epoxy 
bonding, and fluorocarbon coatings. 
190 
Molded Laminated Plastics. Formica 
Corp., 8 pp, illus., No. 909. Grades 
available, typical applications and gen 
eral information on a line of molded 
plastics laminates 16 


High Alloy Castings. rnational 
Nickel Co., Inc., 64 pp, us. Data on 
how to proper c: ig alloy, as 
well as information on high tempera 
ture mechanical properties, casting de 

gn, machining, welding 
and typical applications. 17 


select 


corrosion, 


Stainless Steel Wire. Jones & Laughlin 
Corp., Stainless & Strip Div., 
22 pp, illus. Technical data and othe 
nformation on how to use and order 
stainless steel wire 18 


Stee 


steel 


LaSalle 


High Strength Steel Bar. 


Co., 10 pp, illus, No. 15. Advantages, 
characteristics, properties, typical ap 
plications and other information on 
copper-containing high strength steel 
Dal 19 


Coatings for Mirrors. Libby-Owens-Ford 
Liberty Mirror Div., 32 pp 
Reflectivity, adherence, hardness, dur 
ability, water resistance, effect of tem 
perature and other information on a 
line of coatings for mirrors. 20 


Electrical Insulating Resins. Marblett 
Corp., 4 pp. Selection guide lists ther- 
mal properties, curing method, filler, 
pot life, hardener, electrical proper 
ties, physical and mechanical prope 
ties, and characteristics and uses of a 

ne of electrical insulating resins. 21 


Glass Co., 


Polycarbonate Plastics. Mobay Chemical 
Co., Nos. 44-M2 and 47-M3. Proce 
dures for producing polycarbonate 
plastics by njection molding and ex 


trusion. 22 


Aluminum Castings. Monarch Aluminun 
Mfg. Co., 8 pp, illus, Vol. 1 No. 1. 
Factors to consider when selecting 
proper aluminum casting process; co\ 

are sand, permanent mold and 
die castings. 23 


Steel Castings. National Malleable & 
Steel Castings Co., 14 pp, illus. Gen 
al description of casting process, 
information on facilities and serv 
available for the production of 

vv alloy steel castings. 24 


Pfister Aluminum 
Weight tables, toler 
ance and typical mechanical 
properties of va types of alumi 
num tubing. 25 


Phenolics. Plast 
pp, illus, General 
molding compounds, including 
available colors, range of properties 
and typical advantages and applica 
tions 26 


Industrial Plastics. The Polymer Corp. 
f Penna., 12 pp, illus., No. BR-1. 
Mechanical, thermal, electrical and 
hemical properties of nylon, TFE, 
olyearbonate and fluorinated poly 
ether plastics materials. Also included 
is information on available sizes and 
typical applications. 27 


Extruded Aluminum Tubed Sheet. Pre: 
Extrusions, Inc., 2 pp, illus., No 
14. General information and charac 
of extruded aluminum tubed 
28 


Aluminum Tubing. 
Corp., S pp, illus. 
tables, 
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cs Engineering Co., 16 
information on phe 
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Raybestos-Man 
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roperties, de 


Fivorocarbon Plastics. 
attan, Inc., Plastics Products 
6 pp, illus., No. 9703. P 
gn data, tolerances, and descriptions 
; of different uses for fluor 

s, resins, tubing, 
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tapes 


Stainless Steel. Republic Steel Corp., 
Ih ; General 


10 pp, is., No. ADV-1124 

‘ mn, chemical analyses, typical 
properties, and applica 

rf 300 series stainless steels. 

neluded is information 

high and low tempera 

ture prope fabrication, joining 
methods and available forms and fir 
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Glass-Protected Steel. A. ©. Smith 
Corp., 4 pp, illus., No. MQ-101. Corro 
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Castings. Advance 
pp, illus., No. 4, 
and uses of high 
gray iron cast 
41 

Steel Forgings, Castings. Allegheny Lud 
lum Corp., Forgings & Casting 
Div., 30 pp, illus. Data on smooth 
immered forgings, composite die 
tions ar cast-to-shape tool steels. 42 


Alloy Gray iron 

Foundry Co., 

Design information 
high strength 


Ste 


sec 


Porcelain Enameled Steel Sandwich Pan- 
els. Alliance Ware, Inc., Wall Div., 4 
pp, illus., No, 3c/AL. Design informa 
tion, sizes, installation data 
ind features of porcelain enameled 

é indwich panels. 43 


Alloy Products 
Information on 
steel 


aa 


Viny!-Metal Laminate. American Nickel 
Co., 6 pp, illus. Spec fications, 
l ind fabrication of a vinyl-metal 
aminate available in sheets, strips 
ind cut 45 
Oriented Electrical Steels. Armco Steel 
Corp., 4159 Curtis St., Middletown, 
Ohio, 64 pp, illus. Classification; ad 
physical, mechanical and 
properties; surface prepara 
and other technical data on a 
of oriented electrical steels. Writ 
company letterhead directly to 

A rme 
Wire Parts, Small Stampings. Art Wir« 
& Stamping Co., 4 pp, illus. Shows a 
variety of wire parts and small metal 
stampings in both ferrous and non 
ferrous metals 46 


Small Diameter Tubing. J. Bishop & Co. 
Platinum Works, 24 pp, illus. Proper 
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sion resistance, chemical 
physical characteristics and properties, 
and typical uses of glass-protected 
steel products. 31 


properties, 


Tin Plated Strip. Somers Brass Co., Inc., 
1 p, illus, General information on tin 
plated thin strip metals 32 


Vulcanized Fiber. Spaulding Fibre Co., 
Inc., 40 pp, illus. Available grades, 
physical and mechanical properties, 
sizes and typical applications of vul 
canized fibre sheet, rod and tubes. Also 
ncluded is information on copper clad 
lan standard plastics laminates, 
and materials 33 


nates, 
othe, 
Carbon and Graphite. Speer Carbon Co., 
8 pp, illus. General advantages, prop 
available and othe ! 
carbon al! 


erties, 


formation on a line of 
graphite products 34 


grades 


Carbon and Graphite. Stackpole Carbor 
Co., 54 pp, illus., No. 40 C. Properties, 
ind mechanical, chemical, electrical 
and refractory applications of carbon 
and graphite products 35 


Stretched Acrylic. Swedlow, Inc., West 
ern Contracts Dept., 6 pp, illus., No. Y 


ties, availability and uses of small 
stainless steel tubing Also covered is 
the use of clad metals and composit« 
wires in the ument, missile and 
electronic fields. 47 


Self-Lubricating Bearings. Amplex Div., 
Chrysler Corp., 4 l J 


inst! 


pp, illus. 
formance data and mechanical proper 
ties of self-lubricating Iron Oilite t 


ses, pel 


peal 
ings. 48 
Steel Aircraft Tubing. Ohio Seamles 
Tube Div., Copperweld Steel Co., 70 pp, 
No. A-2. Definitions, military and 
AMS specifications, sizes, tolerances, 
testing, machining, heat treating and 
properties of seamless aircraft tubing 
made of carbon and alloy 49 
Steel Products. Lodge Steel Co., 8 pp, 
illus. Information on welded and cast 
steel products made by the company. 
Information also on products made of 
nonferrous metals 50 
High Alloy Castings. Duraloy Co., 20 
pp, illus., No, G-159. Physical proper 
ties of corrosion resistant, heat re 
sistant and abrasion resistant high 
alloys used for static, centrifugal and 
shell molded castings 51 
Stainless Steel. Eastern Stainless Steel 
Corp., 4 pp, illus. Describes Type 321 
SW grade of sheet and plate resulting 
from new method of melting ingots 

52 
Tubing. General Motors Corp., 
Products Div., 12 pp, i!lus., 
No. 271. Typical applications of GM 
tubing made in both single and double 
walls of steel. 53 
Specially Shaped Wire. Little Falls Al 
loys, Inc., 4 pp, illus. Properties, 
specifications and available alloys in 
which specially shaped round, flat, 
square and rectangular wire is avail 
able 54 
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General information, technical data, 
uses, and other information on 
stretched acrylic glazing material fo 
high speed aircraft. 36 


Precious Metals. Texas Instruments, 
Inc., Metals & Controls Div., 6 pp, 
illus., No. GP-22. Sizes, compositions, 
and uses of gold, silver, and platinum 
group metals in various solid, clad aid 
cored mill forms. 37 
Roller Beariny 
L758. General 
and othe) 
and billets, 
steels and 


Steel Catalog. Timken 
Co., 16 pp, illus., No. 
information, advantages, 
data on alloy steel bars 
stainless steel bar, tool 
seamless steel tubing, 38 


Phenolic, Polyester Molding Compounds. 
Westinghouse Electric Corp., Micarta 
Div., 4 pp, No. 64-060. Properties and 
applications of 15 grades of phenolic 
and glass polyester molding com 
pounds. 39 


Tin Plate. Wheeling Steel Corp., 16 pp, 
illus. General information on the ad 
vantages of tin plate. Also included 
is a description of the facilities and 
products available from this company 

40 


Copper Plated Steel Wire. Nationa 
Standard Co., 8 pp, illus., No. 20 
Specifications, properties and use of 
plated steel wire. 55 
Coated Stee! Strip. Thomas Strip Div., 
Pittsburgh Steel Co., 20 pp, illu Ac 
tual samples of strip steel electrolytic 
aliy coated with zinc, copper, brass, 
lead alloy, nickel and chromium, 1 
natural and buffed finishes 56 
Welded Hydraulic Fluid Line Tubing. 
Joseph T. Ryerson & Son, Inc. Com 
plete engineering data on cold drawn, 
welded hydraulic fluid line tubing. 57 
Centrifugal Castings. Sandusky Foundry 
& Machine Co., 16 pp, illus. Tells how 
centrifugal castings are made, and 
shows the use of these castings in un 
fired pressure vessels and nuclea 
equipment 58 
Zinc-Coated Steel. Sharon Steel Corp., 
12 pp, illus. Discusses welding, solder 
ing, cold forming, cleaning and storage 
of Galvanite zine-coated steel. 59 
Guide to Ferrous Metallurgy. Tempi! 
Corp., 8% x 11-in. chart, illus. Chart 
carbon-iron diagram and 
working zones in 
also indicates 
characteristic 
Changes 1! 


coppel 


presents 
shows important 
black and in 
black heat range 
hot-body radiant 
grain size with temperature are 
schematically illustrated at left and 
24 fundamental metallurgical terms 
are defined at right. 60 
Stee! Castings. Unitcast Corp., illus., 
No. 649A, Testing facilities for insu 
ing high quality production of steel 
castings. 61 
Steel Strip. American Steel & Wire Co., 
Div. of U. S. Steel Corp., 48 pp, illus. 
Physical properties, dimensions, tem 
pers and finishes of cold rolled stain 
I strip 62 


colors; 


and 
hues. 


less and carbon steel 





Superalloy Casting. WaiMet Alloys Co., 
4 pp, illus. Stress rupture properties, 
mechanical properties, chemical com- 
position, and other data on a super- 
alloy casting. 63 
peor Steel. Washington Steel Corp., 
32 pp, illus. Physical properties, com- 
position, fabrication, corrosion and 
heat_ resistance, and cleanability of 
special purpose stainless steel sheet 
and strip. 64 
Stainless Steel Castings. Waukesha 
Foundry Co., Castings Div., 8 pp, 
illus, No. SS. Physical properties 
and uses of martensitic, ferritic and 
austenitic stainless steel castings. 65 


Nonferrous Metals 
e Parts ¢ Forms 


impact Extrusions. Aluminum Co. of 
America, 34 pp. Design possibilities, 
tolerances, size ranges and applica- 
tions of impact extruded parts. 66 
Precision Castings. Morris Bean & Co., 
4 pp, illus. Describes Antioch process 
for producing castings that meet wave- 
guide specifications in all bands. 67 
integral Finned Tube. Calumet & Hecla, 
Inc., Wolverine Tube Div., 4 pp, illus. 
General description and characteris- 
tics of integra] finned tube. 68 
Nickel-Base Alloy. Cannon-Muskegon 
Corp., 9 pp, illus., No. 86. Thermal con- 
ductivity, oxidation resistance, form- 
ability, and yield and tensile strength 
of a vacuum melted nickel-base alloy 
called René 41, 69 
Low Melting Alloys. Cerro de Pasco 
Sales Corp., 8 pp, illus., No. J4. Sixty- 
three applications of low melting Cerro 
Alloys in the metalworking field. 70 


Copper and Its Alloys. Copper & Brass 
Research Assn,, 34 pp,'illus., No. 15. 
Mining methods, properties, fabrica- 
tion data, uses, and production and 
consumption of copper and its alloys. 
71 
Metal Powders. Metals Div., Crane Co., 
12 pp, illus., No. 2, Production methods, 
general characteristics and uses of 
iron, nickel, manganese, silicon and 
ferro-alloy powders. 72 
Ferrous, Nonferrous Tubing. Damascus 
Tube Co., 46 pp, illus. Chemical com- 
position, physical and mechanical prop- 
erties, and corrosion resistance of zir- 
conium, titanium, nickel-base alloys, 
and stainless steels used in the manu- 
facture of pipe and tubing, 73 
Die Castings. Dollin Corp., 16 pp, illus. 
Facilities for die casting large and 
small parts of zinc and aluminum. 
74 
Silver Brazing Alloys. American Plati- 
num Silver Div., Engelhard Industries, 
Inc., 4 pp, illus. Chemical composition, 
melting point, uses and brazing in- 
structions for eight silver brazing 
alloys. 75 
Aluminum Castings. Exalco Mfg. Co., 4 
pp, illus. Information on standard and 
custom-made aluminum permanent 
mold castings. 76 
Aluminum Extrusions. General Extru- 
sions, Inc., 6 pp, illus. Properties, uses, 
surface finishes, lengths and tolerances 
of aluminum extrusions. 77 


Cobalt-Chromium Superalloy. Kelsey- 
Hayes Co., Metals Div., 8 pp, illus. 
Chemical composition, physical con- 
stants, mechanical properties, isostress 
curves, heat treatment, finishing and 
available forms of a cobalt-chromium 
superalloy used in jet engines, mis- 
siles and electronic tubes. 78 
Phosphor Bronze. Miller Co., Rolling 
Mill Div., 4 pp, illus. Composition, 
properties, uses and availability of 
phosphor bronze coils and flat lengths. 

79 
Metal Stampings. Reichert Float & Mfg. 
Co., 8 pp, illus. Shows facilities for 
special forming and deep drawing in- 
tricate, light and heavy metal stamp- 
ings. 80 
Brass, Aluminum Products. Scovill Mfg. 
%0., 12 pp, illus. Information on such 
products as brass sheet, strip and rod; 
aluminum sheet and rod; metal stamp- 
ings; and aircraft fasteners. 81 
Tungsten for Vacuum Metallizing. Sy!- 
vania Electric Products Inc., Chemical 
& Metallurgical Div., 8 pp. Dimen- 
sional data on tungsten coils used in 
vacuum metallizing. 82 
Precision Die Castings. Twin City Die 
Castings Co., 14 pp, illus. Facilities 
for making precision die castings from 
zinc, aluminum and Jead-base alloys, 83 
Tantalum. Wah Chang Corp., 2 pp. 
Fabrication data, uses, and physical, 
mechanical and chemical properties of 
tantalum. 84 
Brazed Assemblies. Wall Colmonoy 
Corp., Walleo Mfg. Div., 4 pp, illus. 
Facilities for design, development and 
manufacture of copper and _ silver- 
brazed assemblies. 85 
Aluminum Extrusions. R. D, Werner Co., 
Inc., 4 pp, illus. Sizes and uses of alu- 
minum extruded and roll formed 
shapes. 86 


Plastics & Rubber 
e Parts ¢ Forms 


Plastics Parts. Ace Plastic Co., 2 pp, 
illus, Acrylic, acetate, butyrate, phen- 
olic, epoxy, nylon and polyethylene 
parts made by the company. 87 
ABS Rigid Plastics Pipe. American Hard 
Rubber Co., Div. of Amerace Corp., 
16 pp, illus., No, CE-80. Corrosion re- 
sistance, fabrication data, dimensions 
and uses of ABS (acrylonitrile-buta- 
diene-styrene) rigid plastics pipe, fit- 
tings and valves. 88 
Epoxy Molding Compounds. American- 
Marietta Co., 24 pp, illus. Molding 
characteristics; physical, electrical and 
chemical properties; and typical parts 
molded from epoxy molding com- 
pounds. 89 
Polypropylene. Avisun Corp., No. 
35935P. Electrical, chemical, physical 
and mechanical properties of general 
purpose extrusion and injection mold- 
ing polypropylene polymer. 
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Chemical Products 
Case histories on 


PVC ~Plastisols. 
Corp., 4 pp, illus. 
the use of polyvinyl plastisols for 
automotive and bottle seals, sewer 
pipe gaskets and automotive trim 
fasteners. 91 
Molded Plastics. Chicago Molded Prod- 
ucts Corp., 8 pp, illus. Several case 
histories describe design and selection 
of molded plastics parts. 92 
Plastics Moldings. Continental-Diamond 
Fibre Corp., 12 pp, illus. Information 
on compression, transfer and injection 
molded plastics parts. Properties of 
molding materials and typical molded 
parts. 93 
Self-Locking Rubber Channels. Conti- 
nental Rubber Works, 6 pp., illus. 
General characteristics, specifications, 
advantages and method of installing 
self-locking rubber channels for 
mounting glass. 94 


Thermal Insulation. Dow Chemical Co., 
Plastics Sales Dept., 12 pp, illus., No. 
157-57. Design information, physical 
and thermal properties, and installa- 
tion data for a thermal insulation 
made of polystyrene foam. 95 
Rubber, Vinyl Parts. Ohio Rubber Div., 
Eagle-Picher Co., 6 pp, illus., No. 715. 
Information on rubber parts, and 
molded and extruded vinyl parts. 96 
Plastics Laminates. Farley & Loetcher 
Mfg. Co., Plastics Div., 4 pp. Uses and 
properties of paper and fabric-base 
high pressure plastics laminates. 97 
Epoxy Resins. Food Machinery & Chem 
ical Corp., Chemicals & Plastics Div., 
24 pp, No. 1. Properties, character- 
istics, formulations, curing systems, 
costs and applications of three new 
epoxy resins. 98 
Plastics Tooling. Furane Plastics Inc., 
4 pp, illus., No. EP-58-7. Available 
materials, manufacturing procedures 
and typical applications of plastics 
tooling materials. 99 
Molded, Extruded Rubber Parts. Garlock 
Packing Co., 6 pp, illus., No, AD-167. 
Describes various types of molded and 
extruded rubber parts for use on auto- 
mobiles, aircraft, machinery and appli- 
ances, 100 
Laminated Plastics. General Electric Co., 
Laminated Products Dept., 16 pp, illus., 
No. L-CDL-494. Applications, avail- 
able sizes, grades and properties of 
laminated plastics sheet, tube and rod. 

101 
Silicone Rubber. General Electric Co., 
Silicone Products Dept., 4 pp, illus., 
No. CDS-179. Properties, advantages 
and uses of silicone rubber insulation. 
Compares silicone rubber with PVC, 
neoprene and natural rubber. 102 
Synthetic Rubber. B. F. Goodrich Chem- 
ical Co., 12 pp, illus. Corrosion re- 
sistance, uses, general characteristics, 
and properties of nitrile, polyacrylic, 
butyl and styrene synthetic rubbers. 

103 


Rubber Parts. Goshen Rubber Co., 


8 pp, 
illus, Describes facilities fer producing 


custom-made parts, seals and compo- 
nents of natural, synthetic and sili- 
cone rubber compounds. 104 
Polyethylene Pipe Compound. Hercules 
Powder Co., 7 pp, illus., No. CP-2. 
Performance and fabricating data, 
and dimensions and tolerances for 
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Perforated Rubber, Fabrics. Pert 
Industries, Inc., 16 pp, illus., 
Information on perforating, 
and blanking of coated 
tics, rubber, hides, felt, paps 
and imitation 
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Rigid Polyethylene 
Chemica Co., Plastic 
roperties, 
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esins 


Filled Nylon. Polymer Corp., Molding 
Div., 4 pp, illus. Sizes, shapes, 
properties and uses of molybdenum di 
ulfide-filled nylon parts 112 
Molded Plastics. Dayton Rogers Mfg 
Co., 8 pp, illus. Facilities available 
for providing short run molded ther 
moplastic and thermosetting parts, in 
cluding histories illus 
trating 113 


Organic Chemicals, Resins. Shel] Chem 
ical Corp., Plastics & Resins Div., 8 pp. 
Properties and uses of organic resins, 
solvents and chemicals. 114 
Fabricating Plastics Parts. Sinko Mfg. & 

., 4 pp, illus. Facilities for in 

molding, vacuum distillation 
ng, hot stamping, painting and 
of plastics parts. 115 
Co., 16 


Resins 


Seve ral case 


moiding 


costs. 
D ast S, 


lat 
assembly 
Rubber Stocks. Stalwart Rubber 

pp, illus. Information on type of rub 
ber stocks from which company fabri 
parts, 116 
Reinforced Plastics Products. Structural 
Fibers, Inc., 1 p, illus. Character 
! t f seamless 1 


ates precision 


istics 
plas 

117 
High Temperature Laminates. Synthane 
Corp., 2 pp. General description, avail 
ability and properties of two h gh 


temperature industrial 


reinforced 


plastics lami 
nates. 118 
Rubber, Toyad Corp., 4 
pp. Properties a line of 


Plastics Foam. 
ind uses fo. 
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lexibie and 1 plastics and 
toams, 


rubbe 
119 
Phenolic Molding Compound. Union Ca 
bide Plastics Co., Div. of Union Ca 
bide Corp., 12 pp, No 6. Lists re 
sistance of seven phenolic molding 
ompounds to acids, alkalis, solvents 
common mixtures. 120 
U. S. Rubber Co., U. S 
KemBlo Sponge Dept., 4 pp, illus. Ap 
dimensi and specifica 
tvpes of sponge rul 
121 


U.S 


and 
Sponge Rubber. 
plications, ns 
tions for various 
Plastics Pipe. Nationa! Tube Div., 
Steel Corp., 28 pp, illus., No. 24, Data 
gid polyvinyl chlo 
nd high impact 
122 


Stone 


yn unplasticized 1 
ide pipe, both normal a 
types. 

Flexible Plastics Tubing. U. S. 
ware Co., Plastics and Synthetics Div 

No. T-97. Sizes, p and uses 
for a flexible, clear plastics tubing 
Tygon, 123 
Chemical Co., 
2 and 3. Info 

esins for use ll 
and rigid 


124 


operties 


Ca ed 
Urethane Foams. Witco 
Inc., 22 pp, Nos. F-1, 
mation on polyeste 
the production of flexible 
urethane foams 


Other Nonmetallics 
e Parts ¢ Forms 


rican Felt Co., 
therma 
and 
and Da 
125 


Orion, Dacron Felts. Amé 
1 pp, illus. Dimensional and 
stability, chemical resi 
breaking strength of Orlon 
cron felts. 
Beryllium Oxide. Beryllium Corp., 8 
pp, illus. Physical and mechanica 
properties, and uses of beryllium oxide 
126 
Flocked Paper. Cellusuede Products, 
Inc., illus. Sample kit containing actua 
swatches of colored flocked pape) 
Suggestions for cutting, folding and 
printing the flocked paper. 127 
Felt. Continental Felt Co. Informatior 
on wool, synthetic fiber and 
felts 128 
Elastomer-Coated Fabrics. E. I. du Pont 
de Nemours & Co., Inc., Fabrics Div., 
12 pp, illus. Uses, properties, sizes 
and specifications of synthetic elas 
tomer-coated fabrics. 129 
Wood Products. Gamble Brothers, Inc., 
28 pp, illus. Shows wood products 
manufactured by the company, includ 
ing industrial wood parts, chair parts 
and athletic apparatus, 130 
Metal-Faced Plywood. Met-L-Wood 
Corp., 4 pp, illus. Shows typical instal 
lation of Met-L-Wood riser enclosures 
for air conditioning pipe enclosures 
and ducts 131 
Glass-Bonded Mica. Mycalex Corp. of 
America, 24 pp, 1 lus. Physical, elec 
trical and thermal properties, and di 
mensional tolerances of ceramo-plas 
tics and glass-bonded micas. 132 
Borides, Carbides. Norton Co., 16 pp, 
illus., No, 2152. Physical properties, 
and sizes for zirconium carbide, 
nitride, silicon carbide, and 
and carbides. 133 
Fiberglass Pipe Insulation. Owens-Corn 
ing Fiberglas Corp., 8 pp, illus. Phys 
cal p rties, design data, thermal 
efficiency and installation data fo1 
fiberglass pipe insulation, 134 
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Glass Fiber Insulation. Pittsburgh Plat 
Glass Co., Fiber Glass Div., 4 pp, iius 
Advantages of using glass fibers 
sound and heat insulation applications. 
135 
Carbon Graphite. Pure Carbon Co., In 
12 pp, illus., No. 55, Catalog on ca 
on graphite for mechanicai applica 
tions. 136 
industrial Ceramics. Star Porcelain | 
20 pp, illus., No Data on comme 
vhite porcelain. Nu-Blac, Thern 
Steatite, Vitrolain, Humidolain, 
5606 Refractory mat 
137 
Thomps 
Informat 
tem pe 


vi. 


Cial 


and 


insulation. H. I. 
chart. 
nsulations for 


300 F to 3000 F 


Thermal 
F ibe Giass Co., 
n thermal i 
trom 138 
Sintered Metallic Oxides. U. S. Sto 
o., Alite Div., 8 pp, illus., N 
Electrical characteristics, size 
ons, dimensional tolerances, 
cnemical heat resistance, 
physical properties for a _ series 
d metallic oxides called Alite 
139 
Cemented Carbides. Vascoloy-Ramet 
i pp, No. 5803. General charac 
rupture strength, 
ot ement 


tures 


ware ( 
A-7R. 
imitat 
and 


sintere 


hardness, 
and applications 


Hard Facing Alloys. Wall Colm 
Corp., Hard Facing Div., 4 pp, 

: 7. “Alloy News” imp 
product design and longer service 

of gears, tubing and pipe that have 
been treated with hard facing alloys. 
141 
Treated Felts. Western Felt Works, 
Treated Felts Section. Propertie s and 
of felts treated with TFE, pol; 
and _ polyethylene Cor 
tains samples. 142 
Graphite. Wickes Corp., U. S. Graphite 
( pp, No. G-12. Properti« : 
applications, and other data on grap! 
te 143 


cites 


uses 


este! resins 


Div, 8 


Finishes ¢ 
Cleaning & Finishing 


Corrosion Inhibitor. Allied Chemica 
Corp., Solvay Process Div., 17 pp, illus 
Use of sodium nitrite in corrosion pre 

vention, 144 


Gold Spray Coating. Bee Chemical ( 

Logo Div., 8 pp, illus. Advantag: 

available colors and recommended uses 
of a gold spray coating. 187 
Ultrasonic Cleaning. Branson Ultrasoni 
Corp., 24 pp, illus., No. S-200. Appli 
cations, advantages and operation of 
ultrasonic cleaning equipment used for 
automotive, aircraft, electronic, ele« 

trical and optical parts. 145 
Chromium Diffusion Coating. Chromalloy 
Corp., 1 p, No. 34. Test results ob 
tained on molybdenum protected with 
a chromium diffusion coating 146 
Finishing. E. I. du Pont de Nemours & 
Co., Finishes Div., 8 pp, illus, Bulletins 
12 and 13 discuss the uses, advantages 
and disadvantages of two finishing 
techniques 147 


Polyethylene Coating Resin. E. I. du 
Pont de Nemours & Co., Polychemicals 
Dept., 4 pp. Properties, uses and selec 





a polyethylene extru 


148 


ion Tactors fo) 
sion coating 


Metal Finishing. Enthone, Inc., 4 pp. 
Lists the company’s metal finishing 
processes and electroplating chemicals. 
Includes a card offering technical data 
mn 77 metal finishing subjects. 149 


Metallized Ceramic Coating. Frenchtown 
Porcelain Co., 4 pp, illus. Data on 
Moleote, metal-to-ceramic coating, that 
may be hard soldered up to 22vU0 F. 
150 

Kanigen Div., 
American Transportation 
llus., No. 258. Frictional 

abrasion, corrosion and 
alt spray resistance, uses, ductility 
and thermal conductivity of Kanigen 
hemically deposited nickel alloy coat 

ngs. 151 
Epoxy Coatings. Hauger-Beegle Asso. 
Inc., 22 pp, illus. Genera! description, 
advantages, uses, available colors and 
methods of applying a line of epoxy 
coatings. 152 
Chromate Coating Solution. R. O. Huil 
& Co., Inc., No. 062359. General cha: 
acteristics, available colors and proc 
essing information on a_ protective 
hromate coating for aluminum parts. 

153 

Stamping, Casting, Finishing. Jervis 
Corp., 16 pp, illus. General informa 
tion on facilities for stamping, die 
asting, plating, anodizing, buffing, 
assembling, machining and welding 
parts used in the appliance, automo 
tive, marine, building, and aircraft 
and missiles fields. 154 


Barrel Finishing. Almco Queen Products, 
Div. of King-Seeley Corp., 52 pp, illus. 
Outlines company’s barrel finishing 
methods and lists barrels, equipment 
and supplies. 155 
Maas & Waldstein 
Data sheet for in- 
enamels. 156 


Hard Surfacing Electrodes. Metal & 
rhermit Corp. File cards give data on 
88 types and sizes of hard surfacing 
electrodes and 157 


Silicone-Base Coatings. Midland Indus- 
trial Finishes Co., 4 pp, illus. Heat, 
hemical and corrosion resistance, ap- 
plication data and uses of silicone-base 
‘oatings., 158 


Electrical insulating Varnishes. Minne 
sota Mining & Mfg. Co., Electrical 
Products Div., 34 pp, illus. Properties, 
characteristics, selection factors, test- 
ing and product control data, typical 
uses and methods of applying a line of 
electrical insulating varnishes. 159 
Metal Cleaners. Northwest Chemical 
Co., 4 pp. Information on immersion, 
electrolytic and spray cleaners for die 
castings, steel, copper and aluminum. 

160 


Conversion Coating. Parker Rust Proof 
Co., 4 pp, illus. Latest applications of 
chemical conversion coating. 161 


Fusion Bond Finishes. Polymer Corp., 
Whirlclad Div., 4 pp, illus. Character 
properties and uses of Corvel 
nylon, polyethylene and 
polyether finishes for 
162 


resin, 


Nickel 
Genera 
Corp., 12 pp, 


properties, 


Alloy Coatings. 


Multicolor Enamel. 
Co., 2 pp, No. 520. 
dustrial multicolor 


rods. 


istics, 
cellulosic, 
chlorinated 


metal parts 


Rust Proofing Liquids. Rust Lick, Inc., 


information, in 
selection fac- 


General 
and 


12 pp, illus. 
structions for use, 


asoni¢ 


proofing liquids, 


tors for a line of ult cleaning 
and rust 163 
Gold Plating Formulation. Sel-Rex Corp., 
7 pp, No. 46A. Metallurgical proper- 
ties and applications of a low pH acid 
type gold plating formulation. 164 
Paint Finishing. Sherwin-Williams Co., 
General Industrial Div., 12 pp, No. 
CF P-513. Causes and remedies of com 
mon finishing problems. Tells how to 
estimate paint requirements for coat 
ing product surfaces. 165 
Selective Piating. Sifco Metachemical 
Inc., 4 pp, illus. Process of electroplat 
ing selected areas without using im 
mersion tanks. For quick precision 
plating of electronic components and 
build-up of parts to exact size without 
disassembly. 166 
Plasma Arc Coating. Linde Co., Div. of 
Union Carbide Corp., 8 pp, illus. De 
scribes a plasma arc plating process 
for applying coatings and fabricating 
shapes. Tells what materials can be 
applied and where they can be used. 

167 
Wall Col 


Processing 


Corrosion Resistant Coating. 
monoy Corp., Stainless 
Div., 2 pp, No. 4.5. Physical, chemical 
and fabrication properties; applica- 
tion methods; thickness specifications; 
and fusing procedures for a corrosion 
and esistant diffusion coat 
ing. 168 


abrasion 


Joining & Fastening 


High Pressure Seals, Fasteners. A. P. M. 
Co., 4 pp, illus., No. C. General infor 
mation, military specifications and 
typical uses of a line of high pressure 
seals, boots and mechanical fasteners. 
169 
Aircraft 
Engineering 
and other 


Mechanical Fasteners. Boots 
Nut Corp., 8 pp, illus. 
data, specifications, sizes 
information on a line of inserts de- 
signed to provide screw threads for 
joining sheet metal, plastic and metal 
castings, and wood and composition 
materials. 170 
Glass Sealing Alloys. D)river-Harris Co., 
1 pp, illus. General description, compo 
sition, properties and typical uses of 
several glass-to-metal sealing alloys. 
171 
Glass-Metal Sealing Alloys. Wilbur B. 
Driver Co., 4 pp. Composition, prop- 
erties and uses of three glass-to-metal 
sealing alloys. 172 
Lock, Weld and Clinch Nuts. Grip Nut 
Co., 12 pp. illus. Specifications and ap- 
plications for Gripco fasteners. 173 
Self-Adhesive Tapes. Moxness Products, 
Inc., 4 pp, illus., No. 312, Dimensional 
tolerances, color, packaging, hardness, 
breaking strength, dielectric strength, 
tackiness, and other information on a 
self-adhering triangular adhesive tape 
174 
Lock Screw Fasteners. Russell, Burdsall 


& Ward Bolt & Nut Co., 3 pp, illus. 
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Spin 
lOcK 175 
Set Screws. Set Screw & Mfg. Co., 28 
pp, illus., No, 21. Information on self 
tapping and stainless steel set screws. 

176 
Tinnerman Prod 


Advantages and dimensions otf 


screws. 


Fastening Analysis. 
ucts, Inc., 4 pp, illus., No. 336, De 
scribes a fastening analysis service 
for reducing costs and speeding pro 
duction of such products as washing 
machines, toys and automobiles. 177 
Nylon Screws. Weckesser Co., pp, 
illus. Installation data for black nylon 
screws and nuts. 178 


Methods & Equipment 
e Testing 


Testing Machines. American Machine & 
Metals, Inc., Riehle Testing Macnines 
Div., 40 pp, illus. Information on 
power testing machines, indicating 
systems, and a wide range of 
instrumentation 


acces 


179 


sories and 


Metalworking Machine. Cincinnati Mil! 
ing Machine Co., Meta-Dynamics Div., 
8 pp, illus. Operational data, advai 
tages and characteristics of a meta 
working machine used for “chipless”’ 
machining. 180 


Ultrasonic Cleaners. Circo Ultrasonic 
Corp., 4 pp, illus., No. 369. Specifica 
tions, typical and 
general information on a line of ultra 
181 


Corrosion Cabinets. G. S. Equipment 
Co., 2 pp, illus., No. T-C 103. Dimen 
sions, operating data and features of 
Plexiglas corrosion cabinets for salt, 
Corrodkote and acetic acid corrosion 
tests. 182 


Vacuum Furnaces. Kinney Mfg. Div., 
New York Air Brake Co., 28 pp, illus. 
Describes high vacuum furnaces fo) 
heat treating, annealing, brazing, 
melting, alloying and stream degas- 
sing of metals. 183 


Electronic Testing Machines. Tinius Ol- 
sen Testing Machine Co., 40 pp, illus., 
No. 54. Operating data and specifica 
tions for standard electronic physical 
testing machines from 500 to 1,000, 
000-lb capacity. 184 


Cold Cabinet. Revco Inc., 2 pp. Low 
temperature cabinet for industrial 
processes and research. 185 


Wax Injection Presses. Alexander 
Saunders & Co., 9 pp, illus., No. WP 
57. Dimensional data, specifications, 
features and prices of wax injection 
186 


Testing Machines. Scott Testers Inc., 6 
pp, illus. General characteristics, ad 
vantages, and specifications of a ten 
sile elongation testing machine, 187 


Compacting Presses. F. J. Stokes Corp., 
2 pp, illus., No. 123, Series of photo 
graphs identify this company’s line of 
single punch rotary 
and various punches and dies used for 
compacting. 188 


accessories, uses 


sonic cleaners. 


presses. 


presses, presses 


Brazing Alloys. Wall Colmonoy Corp., 
Brazing Alloys, 4 pp, illus., No. SD-23. 
Information on a line of nickel-chrom 
um-boron high temperature brazing 
alloys. 189 
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Whorw caw this FLEXIBLE, clear, plastic tubing 
far vil youn plus 7 


Ms you convey liquid 
food products. 


V/A you require 


flexible lines with 
solution visibility. 


Chemically-resistant, non-toxic, supple as a 
fly line, Tygon clear flexible plastic tubing is 
the ideal medium for those tough-to-solve 
piping problems 


Possessing a flex life ten to twelve times 
that of rubber, free of aging characteristics 
Tygon serves equally well as a 

permanent component in machines or as 
quickly assembled and disassembled 
temporary or permanent plant piping 


Divis 
AKRON 9, OHIO 


for more information, turn to Reader Service card, 
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Plastics & le 
Synthetic U. S. STONEWARE 


QUICK FACTS 


Eight standard formulations to 
meet a wide range of requirements 

Special formulations for unusual 
needs 

More than 66 standard sizes rang- 
ing from 1/16” to 4” I.D 

Available if desired with outer 
braid reinforcement for pressures 
up to 300 psi 


THIS FREE BOOK TELLS 
THE COMPLETE STORY 


Address 
Dept. MM-760 


Plastics and Synthetics Division 
The U. S. Stoneware Co., 
Akron 9, Ohio 

Ask for Bulletin T-97 


circle No. 435 





Materials, forms, finishes 


... and related products ... 
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Keep up to date by looking up the advertisements on those materials in 
which you are most interested, on the pages listed below. 

Get more information on advertised products by circling the key numbers 
found on the advertisements (not the page numbers below) on the free 


postal card, pp 45-46. 
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= Dow | Now in,magnesium and aluminum 


NEW DOW DEVELOPMENTS PROVIDE 
DESIGNERS WITH ADDED ADVANTAGES 
IN LIGHTWEIGHT MAGNESIUM 


oD 


Lightness, ease of fabrication and other features of magnesium 


contribute to improved designs for many products—from air- 


planes and missiles to luggage . 


. . from industrial machinery 


to cameras. Now, new developments by Dow provide greater 


design flexibility than ever before—in fabricated components 


you require, in materials and processes to facilitate your plant's 


operations. 


ke» 


NEW CLOSE SHEET TOLERANCES 
HELP SOLVE WEIGHT PROBLEMS 


gn problem is sti 


ioht tT} 


versus welg 


magnesium sheet tol 


from Dow 


pe rm ts des ol 


required s 


; 


~ also uggested 


anspol tec 


tical 


ARISON OF TOLERANCE 


hw 


N 


New sheet is bent without heated dies. 





BEND FACTORS 


Longitudina Transverse 


NEW SPECIAL BEND SHEET 
ELIMINATES HEATED DIES 


bend factor bend factor 


Critical bends Can no\ be easily 
formed at 
without heated di 
AZ31B-O 

Sheet. Without 
through an angle of 90 





room temperature 
using Dow’s 


Bend { 
it bends 


new Special ons are housings for electronics 
cracking, truck 


equipment, 
containers, plus such military uses 


cabs, shipping 
around a 


mandrel radius as small as two as maintenance and personnel 


times the nominal s! 


Among many suggest 


eet th ckness. 


applica- 


shelters and housings for ground 


Support equipment. 


PRECISION MAGNESIUM EXTRUSIONS CUT MACHINING COSTS 


Dow precision magnesium extru- extrusions, cost of 


materials 


sions provide exact-tolerance also frequently less because } 


‘ 
finished or sem)-fil ned compo- property alloy wit} 


istand ex 


nents and eliminat lany costly tensive machin 
Applicat ons 
Impact 


for 


ng are not needer 


machining operations include beat 


multiple 
extrusion stoc!l 


Exacting tolerances are eve bloc ks. 


sible witl 


parts business machines, 


notches, thi printing furniture, screw machine 


tions, as well as pre on diam-_ stock, shaf lear keys, space} 


tubing. And th yn Ol and airfoil « 


onhigurations. 


Exact-tolerance extrusions cut machining costs 


ENGINEERING 





NEW FINISHES BROADEN APPLICATIONS FOR MAGNESIUM 


Porcelain enamel, a_ practically 
foolproof way to avoid corrosion, 
can now be applied to magnesium, 
using a Dow-developed pretreat- 
ment to adhesion. Sug- 
gested applications—display 
signs, building panels, cooking 
ware, home appliances, engine 


assure 


parts. 

Dow 20 chrome pickle provides 
a uniform paint-base for casting 
alloys with high aluminum con- 
tent. 

Dow 21 ferrie 
pickle, as a spray or dip, provides 
long-lasting protection under 
clear baking enamels or lacquer. 


nitrate bright 


DOW CASTS MAGNESIUM 
IN INTRICATE DESIGNS 


Casting incorporates tubeless passages. 


Cast-in tubeless 
tl n 


other 


passageways, 
close tolerances and 
all 
available in castings made in pro- 


Sections, 


intricate designs are 
duction quantities at Dow’s sand 


and permanent mold foundry. 


NEW ALLOY ELIMINATES 
STRESS RELIEF AFTER WELDING 


A newly developed Dow alloy for 
magnesium sheet and plate, 
ZE10A, containing zine and rare 
earth metal, does away with the 
need for stress relief after weld- 
ing... particularly advantageous 
in building large structures. Sug- 
gested applications — large ship- 
ping and storage containers, even 
tank-trailer So that 
signers can take full advantage of 
this new sheet and plate material, 
Dow provides magnesium 
extrusions in alloys requiring no 
post-welding stress relief. 


bodies. de- 


also 


Clear anodic coating, applied 
in less than a minute, provides 
maximum protection under lac- 
quer or varnish, which may be 
tinted in a wide range of colors. 

Nickel plating, by immersion 
instead of electroplating, simpli- 
processing, improves nickel 
surface. For electronics equip- 
ment, printing plates and cylin- 
other requiring 
extreme Wear resistance, 

Vinyl may be laminated before 
cold-forming magnesium sheets 
also bonds to hot-formed shells. 
For luggage, carrying cases, 
other applications. 


fies 


ders, surfaces 


VAST PRODUCTION FACILITIES FOR 


The Dow Metal Products Com- 
pany offers a die casting 
plant, a sand and permanent mold 
foundry, a fabrication plant plus 
the huge Madison plant for sheet, 
plate and extrusions. At Madison, 
for example, is the giant 13,200- 
ton press that extrudes king-size 
sections of magnesium or alumi- 
num 
80 feet long. 


new 


nches across and 


up to 50 


Vinyl-laminate adds sales appeal to carry- 
ng cases, luggage. 


MAGNESIUM AND ALUMINUM 


For more information about 
the new magnesium developments 
shown here, or for help in any 
design or fabrication problem in- 
volving magnesium or aluminum, 
contact the nearest Dow sales of- 
fice. Or write THE DOW METAI 
PRODUCTS COMPANY, Midland, 
Michigan, Merchandising Depart- 
ment 1053CD7. 





King-size extrusions make possible freedom in design. 


<> THE DOW METAL PRODUCTS COMPANY 


Division of The Dow Chemical Company 


For more information, turn to Reader Service card, circle No. 386 
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VYEOLAC 


THE BORG-WARNER PLASTIC THAT’S TOUGH, HARD, AND RIGID 


Homelite Division of Textron Inc 


body sections of its ride-on lawn mower be 


b 


fied CYCOLAC for the 
1use this lightweight, ABS materia 
was the one plastic that offered the rugged durability required by such 


outdoor equipment. With the high impact strength of CYCOLAC, the body is 
protected against damage from kno and blows. In addition, CYCOLAC 


eliminates corrosion and staining, insuring a mower body that will retain its 
att 


cks 


ractive, glossy appearance. Because of its unique combination of properties 
CYCOLAC can be used for many produ 


bstantial savings. It may be the material that will make your product more 
fitable. Why 


ot discuss this with or f our representatives? Write today. 


ts formerly made of metal—at 


a 
MARBON CHEMICAL SA oivisonBORG-WARNER 
WASHINGTON JP 


WEST VIRGINIA 
For more information, turn to oa Serv 
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FABRICATED RING 
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WEB BURNED FROM PLATE 


HUB CUT FROM BAR STOCK 
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Why fabricate it? 


(and pay for waste metal, 
assembly time, welding?) 


Bethlehem Circular Forgings come ready for finish 
machining. Unlike a weldment, there’s no fabricat- 
ing to be done. No assembling. No welding. You 
save the high cost of all those operations—and the 
cost of the metal those operations waste. 

Cost? Thanks to our Slick Mill (the only one of 
its kind in the country), the cost of Bethlehem 
Circular Forgings is low. Even if new tooling is 
required, orders of 20 or more pieces are economical 
(dies can be changed in just 15 minutes). Our mill 
forges and rolls an impression-die forging in about 
one minute. Because contact time between die and 
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AS ROLLED 
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ROUGH MACHINED 


—— We'll forge it! 


(and cut your costs: less metal, 
no assembly or welding) 
work is so brief, and because there’s no impacting, 
low-cost dies can be used. 


There you have it. One, important fabrication sav- 
ings. Two, low initial price. That’s why forged circu- 


lar products consistently cost less than weldments. 


Bethlehem Circular Forgings are available in 
carbon, alloy, or stainless steels, and some heat- 
resistant grades. 10 to 48-in. OD. 100 to 2,000 lb. 
As-rolled or rough-machined to specifications. For 
full details, call or write the Bethlehem sales 
office nearest you. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 
Export Distributor: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 


For more information, turn to Reader Service card, circle No. 382 
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Closeup of coated alumi- 
num ‘‘clapboard” sheath- 
ing joint designed to 
permit, expansion and 
contraction of house sid- 
ing. Plastic-based coating 
stays intact around intri- 
cate bends. 


ARTIFICIAL WINDSTORM—OTHER COATINGS 
BLEW AWAY, BUT PHENOLICS STUCK TO 
THIS WIND TUNNEL 





ENGINEERIN(‘ 


OUTDOORS—A DURABLE 
VINYL-BASED PAINT TO PRE-COAT 
HOUSE SIDING BEFORE FORMING 


ynto the metal before forming, viny]-l 1 coat 


up under the strain of shapit g and years of servi 


Il. On hous« siding weather resistance is a big facto 
| the adjoining photograph shows how the aluminum 
ard on a Milw iukee home looked after nine ve 


wut refinishing. The coating is still intact 


ike Sas we 1] is clapboards are be Ing formed trom thi 
ited metal On both types the vinvl based nt sh 


fast, with no cracking, chipping, o1 peelir g during 


issembly and service. Both primer and topcoat 
I 


ipplied by roller. brush, or spray Baking turns tl] 
vat into a tough flexible, weather-resistant finish that 


od as me w for vears V ith only an oce isional w ishil 


company pre-coa nd bakes the finish 
sheathing which is then formed over an 


| made of wood fibers isphalt tre ited for we ither 
iter resistance Another manutacturet cle signed i spec 


joint closeup that permits expansion 


with temperature ch inges to prevent bucklir 


based cc itings ire doit g for bu Iding materi | 
manv other products that can be mad 


Tri 





INDOORS—A TOUGH, HARD-WORKING 
FINISH THAT DRESSES UP 
ADMIRAL’S PORTABLE TV 


Many portable TV cabinets are metal, but Admiral’s has a 
big plus a simulated morocco leather finish baked on 
betore forming. It’s based on BAKELITE Brand vinyl dis 
persion resins, .012 in, thick applied to the flat .032 in 
steel sheet. Inside, there’s another coating of clear vinyl to 
prevent rust 

rhe steel sheets are handled and stacked without sper ial 
treatment, vet the finish is unharmed. They are shaped: on 
the same presses and dies used for unfinished metal, at 250 
tons pressure And even 180 aeg bends do not harm the 


coating 


Che savings with pre-coating have enabled Admiral to 


offer this de-luxe morocco-leather effect at their standard 
retail price. Keep vinyls in mind when sturdy housings and 
other products have to be formed and finished with speed 


, 
and economy 


dispersion coating based on BAKELITE Brand vinyl! resin. Notice that the 


4 Closeup shows louvers cut and formed into steel sheet pre-coated with 
coating is undamaged, preserving its grainy morocco leather effect 


HELP YOUR DESIGNS IN METAL 


Some of your unusual ideas may work best in metal with plastic-based 
coatings applied before or after forming. Here are three typical examples: 


LP \STIC-BASED COATINGS have helped metals meet new 
requirements With their special and unusual properties UNION 
plastics have helped bring more freedom to designers CARBIDE 
increased product attractiveness, improved pr rformance 

and reduced costs. This is true in a variety ol product 

fields beside coatings—molded, laminated, and extruded 

plastics also prov ide a host of new directions for your 

ideas to take. Learn about Bake.rre Brand polvethylenes 


CPpOXtles, phe nolices, stvrenes, and vinvls and their use ll 


Design File, section 


kor specific information on how plastics can help with 


vour design problems, mail the coupon today 


| 
| 
| 
| 
| 
| 
design. Their properties are listed in Sweet's Product 
| 
| 
| 
| 
| 
| 
| 
| 
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For more information, turn to Reader Service card, circle No. 422 
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Are you up in the air 


over tubing sources: 


If you have ballooning production problems, consider these impor- — 
tant facts. OSTUCO Tubing is always the exact tubing you need for : 
your product because OSTUCO Tubing is CUSTOM MADE for your 
product. Your order is manufactured to your own specifications to 
produce steel tubing especially for your application — the precise 
grade, analysis, size, shape, special anneal and tolerances best 
suited to your needs. 

Ohio Seamless Tube produces both seamless and electric welded 
steel tubing —is prepared to form many finished or semi-finished 
tubular parts to your designs. 

To get the most from your next steel tubing order, use Custom 
Made OSTUCO Tubing. Contact your nearest Ohio Seamless repre- 
sentative, or send part drawings to the plant at Shelby, Ohio — Birth- 
place of the Seamless Steel Tube Industry in America. 


A-2449A 


Model illustrated built to 3.5 mm scale 


4 OHIO SEAMLESS TUBE 


Division of Copperweld Steel Company + SHELBY, OHIO 


Seamiess and Electric Resistance Welded Stee/ Tubing * Fabricating and Forging 


i CE 
a sere 4 


For more information, turn to Reader Service card, circle No. 412 
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The more crimping you have to do, the more satisfied you will be 
with Weir -— Zine-Coated Steel. There’s no peeling, no chipping, 
no flaking. Work it to the limits of the steel base itself and the 
zine coating remains intact assuring you of the complete corrosion 
protection that only zine can give. Weirkote is made that way— 
to retain its protective zine coating no matter how tough the 
forming and bending operations. A Weirton representative will 
gladly supply full information on Weirkote—another fine 
product of the Weirton Steel Company, Weirton, West Virginia. 


For more information, circle No. 384 WEIRTON STEEL 
Weirton, West Virginia compan’ J 
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Weirkote will alsc available in 1961 from National’s Midwest Steel Division, Portage, Indiana. 
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This quality control center solves a serious 
production problem — the build-up of con- 
taminating reaction products in the process- 
ing solution on high production strip lines 
for conversion coatings on aluminum. 
It eliminates the formation of sludge and 
the need to dump the coating bath, ever. 
It results in: 
1) Uniform quality 
2) Positive solution control 
3) Reduction in rejects and downtime 
4 


Reduction of chemical consumption because 
the coating bath operates at low concentration 


5) Minimum sewage disposal problem 


How Parker Reactifier maintains quality 
As aluminum is treated in any conversion 
coating solution, there’s a build-up of re- 


MATERIALS IN DESIGN ENGINEERING 


action products, mainly aluminum and tri- 
valent chromium, in the bath. Continued 
operation without removal of these impuri- 
ties means slower coating action, sludge 
formation, and irregular and inferior coat- 


ings. 


The control or removal of the interfering 
impurities stymied manufacturers for years 
until Parker developed the Parker Reacti- 
fier for use with Bonderite in high produc- 


tion aluminum lines. 


The Parker Reactifier is an ion exchange 
unit connected in the circulation system of 
the processing solution. As Bonderite flows 
down through the cation resin bed in the 
Reactifier, aluminum and chromium are re- 
moved and the purified Bonderite is re- 





CONTROL CENTER 


on high production 


This Bonderite installation at Kaiser Aluminum’s 
Ravenswood Works, Ravenswood, West Virginia 
handles aluminum strip up to 66 inches wide. Tandem 
Parker Reactifiers remove contaminants from. the 
Bonderite solution as they are formed, keeping coat 
ing quality at a constant high level. 


turned to maintain the coating bath at top 


efficienc y- 


Proven by years of use 
One Parker Reactifier has been in continuous 
use for over three years on a Bonderite high 
production aluminum strip line. In all that 
time there has been no deterioration of the 
cation resin, no sludge build-up, and no 
reason to discard the bath. This manufac- 
turer now is installing a second strip line for 


PARKER 
REACTIFIER 
QUALITY CONTROL 
CENTER 


Che Parker Reactifier, “Quality Control 
Bonderite for aluminum on high 


lines. Bonderite enters at “A”; resin 


production 
“B 


aluminum strip lines 


Center f 
strip 


removes 


impurities by cation exchange action; purified solu 


tion is returned at “C.” Regeneration of 


accomplished by circulation of acid from t: 


cleanse resin of accumulated impurities 


Bonderizing aluminum with another Parke1 
Reactifier for quality control 

In the comparatively short time Parker 
Reactifiers have been available, the largest 
manufacturing and fabricating plants have 
installed 30 of them to assure high quality 
coatings on aluminum. 

You'll be proud of the finish on your prod- 
uct when you use Bonderite before painting. 
It improves paint life five to ten times. Call 
in the Parker man today! 


Bonderites for aluminum meet MIL-C-5541 specifications. 
] 


Pp ) oe Rust Proof Company 
ark er 2173 E. MILWAUKEE, DETROIT 11, MICHIGAN 

BONDERITE corrosion resistant paint base e BONDERITE and BONDERLUBE aids in 
rust resistant e PARCO LUBRITE—wear resistant for friction surfaces e TROPICAL—heavy duty maintenance paints 


Since 1914—Leader in the field 


Since 
1914 — 
leader in 
the field 


Id forming of metals e PARCO COMPOUND 


ince 1883 


*Bonderite, Bonderized, Bonderlube, Parco, Parco Lubrite—Reg. U.S. Pat. Off 


For more information, turn to Reader Service card, circle No 
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The Interlox line was developed to give you a better, lower cost, 
easily controlled phosphate coating. Its exceptional cleaning 
ability combined with a radically different type of accelerator 
produces an even, fine grained, dense coating which locks your 
organic finish to the metal. 


Interlox eliminates streaks, stains, powdery deposits, and flash 
rusting, giving you the ultimate in appearance, adhesion and 
resistance to humidity and salt-spray. 


Additional cleaning power is easily obtained, when desired, by 
the addition of a low-cost detergent only, thus avoiding the 
danger of over-phosphatizing and the costly practice of adding 
complete phosphatizing compound when only cleaner is required. 


There is an Interlox product developed to meet your particular 
need whether spray or immersion type, single or multiple stage. 
Interlox baths are unusually long lived and require less 
additions and control. 


Licensed Manufacturers 


Alert Supply Co. Los Angeles, California 


Armalite Company, Ltd. Toronto, Canada 


Wy 


_ 
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For more information, turn to Reader Service card, circle No. 375 
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Announcing 


Saxyziniz Ln Diameters 
STEEL BARS Through 4.” 


WITH COPPER 


Larger sizes open new application opportunities. 

Same high strength as smaller diameters ...100,000 psi yield. 
Fast machining...83% of B1112. 

Cost less than heat treated in-the-bar alloys. 


Ideal for both production and maintenance applications. 


No heat treating necessary 


Available from your 
Steel Service Center 


Ask for Helpful Data Bulletin #15. 
It tells the story of STRESSPROOF. 


STEEL CoO. 





Cit 


For more information, turn to Reader Service card, circle No. 
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Grumman Aircraft Engineering... 
SAVES TAXPAYER DOLLARS WITH 
REPUBLIC ELECTRUNITE STAINLESS STEEL TUBING 


Grumman Aircraft Engineering Corporation has substantially reduced production costs of the exhaust system 


used in the Grumman $2F Tracker, through the use of Republic ELECTRUNITE Stainless Steel Tubing. 





Since using ELECTRUNITE, Grumman has reduced scrap loss by 50%. Fabrication time is 30% less, 
with further savings through longer tool wear. 


ELECTRUNITE® Stainless Steel and Carbon Steel Tubing is available in a wide range of sizes, gages, wall 


thicknesses, to meet practically any national security, manufacturing, fabricating, and pressure tubing application 


Call your Republic representative for complete information and specifications. Or, write direct 


sinless Steel Tubing, Type 321, is used in the Further savings are realized through Republic's Steel and Tubes 


Grumman $2F Tracker, saving taxpayer Division manufacturing facilities of bending, forming, welding 


save money for you, too operations. Write for information. 


ELEC TRUNITE DE : ESS TYPE 321 HEA 


REPUBLIC NYLOK’ SELF-LOCKING FASTENERS provide oa single-unit answer to 
vibration, shock, and tension. A permanent nylon insert forces mating threads 
together for maximum holding power in any postion. The relatively inert nylon 
resists age and moisture; its natural resiliency permits easy adjustment and 
repeated use. Republic NYLOK Fasteners are non-galling and require no 
lubricants. Send coupon for descriptive literature; specify bolts or nuts, or 


REPUBLIC HS6460 HIGH STRENGTH POWDER con be used to produce 
mpoarable strength structural parts at lower manufacturing costs 
than obtainable with copper infiltration. Additional production 
. ymies can be achieved because fewer operations will be re- 
quired to obtain high density, higher strength parts. HS6460 is 
spable of a minimum tensile strength of 60,000 psi at 6.4 density 


] 00 psi after heat treatment. Write today both. Use the convenient coupon, below 
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GRUMMAN $2F TRACKER—first airplane specifically designed to detect, identify, 
track, and destroy enemy qubmarines. The Tracker utilizes radar, sonobouys, 
and Magnetic Airborne Detector gear to pinpoint the enemy, then chooses either 


torpedo, depth charges, or rockets to effect the kill 


REPUBLIC CAN DO IT FOR YOU with complete sheet steel fabrication facilities 
t manufacturing is a full-time operation at Republic's Berger Divisior 
ygineers work with you in developing your product and in solving manufacturi 
assembly, and delivery problems. Well rounded stock of tools, dies, and 
complete machine shop. Modern production lines for shearing, punching, form 
ing, painting and assembly. To learn more about Republic-Berger contract 


facilities, call your Republic representative, or write today. 


REPUBLIC STEEL 


Worlds Wider Range 
na, Steels av, Sk, Pebieg 


REPUBLIC STEEL CORPORATION 

DEPT. ME -9644 

1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 

Please send more information on the following products 
Republic ELECTRUNITE® Stainless Steel Tubing Carbo 


Republic Steel and Tubes Division Manufacturing Facilities 
Republic HS6460 High Strength Powder 
NYLOK Fasteners ] Bolts C1) Nuts C) Bott 
Republic Berger Division Contract Facilities 

Name Title 

Firm 


Address 
Zone 


For more information, circle No 





DEPENDABILITY, ECONOMY and STRENGTH 
are distinguishing characteristics of these sin- 
tered metal automotive transmission parts by 
Deico Moraine. Vital components such as these 
are typical results of close collaboration be- 
tween Delco Moraine and its customers—an 
effective liaison that operates from ideathrough 
design and development. They also attest to 
Deico Moraine’'s equally important capabilities 


for making deliveries in quantity and on time! 


Cc 


DELCO MORAINE 


DEPENDABLY MADE parts for industrial progress * Division of General Motors, Dayton, Ohio 


*® For more information, turn to Reader Service card, circle No. 402 For more information, circle No. 421 ¥ 
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Swedlow specializes in jute itasteset: 


Swedlow's 
aluminum-metallized 
heat reflective laminates 


oO 
i650, 
MINIMUM WEIGHT « MINIMUM BULK — By combining the 
principles of highly efficient reflectivity of aluminum-metallize 
surfaces with the low thermal conductivity of glass fabric reinforce 
plastic laminates, Swedlow’'s 101 
50° F. The metallic coating protects the base 


les 


metallized coatings offer 
protection up to | 
laminate from thermal degradation. 

sheets, or molded 


as highly efficient heat blankets for 


In flat into complex contour 


are s 


APPLICATIONS 


these ted 


materials rested 


compartment insulation, valve protection, exhaust heat dampin 
and other applrcations where there is prolonged high 


te mperature expasure 


Swedlow's silicone 
plastic laminates 


1X 


ns 
y\. 650; 


5 an ne Dase materials are ava 


YG 


ed pa and offer protection up to 


trength per unit of 
r applications req 


} 


CATIONS 
r rit 


APPLI ones, exit cones, nns, sta 


apt 


I uses. Applications 


I atm 


airstreams 


Dyna-Therm 65 -— flexible 
flame-resistant coating 


@? sooo: 


A “major breakthrough” — insulation which can be applied easily 
field for protection of launching equipment from rocket flame and | 
It lollar savings by protecting expensive cables and equipn 
thro irings. It promises greatly reduced pad refurbishmer 
time with resultant faster refire capability. It may be sprayed or applic 
ordinary paint brush. Cures quickly at ambient temperatures. Intume 
under hot flame to develop full insulating capability, but remains flexi 
Ch surface can be scraped away leaving undersurface ready for 

re Field test indicates serviceability up to 6000°F. 


affords major 


gh successive f 


arreda 

atiMs 
APPLICATIONS 
instr ym hi 
ht applications as well as 


Neoprene cables, electrical connectors, metal and pl! 
sings, piping and general structure, including blas 
ground support installati 


imentatic t 
Flig 


detiector 


600; 


Silicones 
Phenolics 

Epoxies 

Reflective coatings 
Sheet materia/s 
Molded parts 
Flexible flame- 
resistant coatings 


Swedlow's high temperature 
phenolic plastic laminates 


STABLE PHYSICAL PROPERTIES UNDER HIGH TEMPERATURES— 
Swedlow’s X4G-116 is a high-temperature phenolic laminate that 
offers unusual physical stability at high temperatures up to 600° F 

It is available in flat sheets, and can be molded to complex contours 
APPLICATIONS—Fins, stabilizers, missile nose cones, adapter rings, 
closure rings, and similar applications. May be used in airstreams 

at missile speeds 


on ’ 
450 Swedlow’'s epoxy- 

F plastic laminate 
Swedlow's X6G-141 epoxy-plastic laminate gives the user an 
iting material resistant to fracture and Warpage in 

low moisture absorption a 
high physical strengths over a prolonged temperature gradient 
Approved under MIL-P-18177. Conforms to NEMA standards for 
type G 
APPLICATIONS 
Winding 


electrical insul 


with ch id 


tallation aracteristics Of very 
re 
materials 

litioning and heat distribution ducts 

ting in transformers. Sheeting for circuitry 
Terminal board 
ana 


Air con 
ng 
icitors for condensers 
nic equipment. Coil 
es. Mounting plates, contact spacers and 


install relectric Cay 


lectre spacers 


Temperatures shown may be raised appreciably for short periods 


swediow provides the insight to solv hallenging 


problems of design and producib 


e 
ity of advanced materials 


n laminates, complex shapes, difficult parts 


Write for full information, Dept 


SWEDLOW Inc 


LOS ANGELES 22 
YOUNGSTOWN °@ 


a i, 


sienensneianeiannigiintnee il 


CALIFORNIA 
oOHn'10 


roblems? 





/F CUSTOM PARTS 
ARE YOUR PROBLEM 


Sylvania can solve it with complete QC™ service 


Helps you with completely objective recommendations 
for your parts. Sylvania is backed by long experience in 
metals, plastics, welds and assemblies, can produce parts 


utilizing a wide range of equipment 


Offers design assistance that can often improve the 


quality of your part, lower production costs 


MOLDED 
FROM PLASTIC 


Sylvania offers “total” low 
piece prices Reason? It op- 
erates probably one of the 
nost complete lines of mod- 
ern automatic molding 
equipment in the world for 
compression, injection and 
transfer molding. Its bank 
of rotary presses can pro- 
duce more than a million 
parts a day, is ideally suited 
to phenolics and urea, and 
assures minimum cost for 
simply designed plasticparts. 
Results: your plastic parts 
in volume— are produced 
quickly and at low cost. 
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Provides superior quality parts. Sylvania utilizes the 
most modern equipment available, and its experience in 
tooling means better quality at lower costs for finished 
parts. In addition, Sylvania practices preventive mainte- 


nance for dies and equipment to assure you precise uni- 


formity and uninterrupted production. 





FORMED FROM METAL 


Sylvania maintains custom metal stamping facilities, can produce millions of 
precision-made parts each day from all types of metal. The scope and flexibility 
of these facilities mean that it can deep-draw eyelets, shells, cups and ferrules. 


What's more, a battery of multi-slide machines can produce more than 2 million 


parts daily. Vertical presses can meet daily production needs of 2 million parts 
And special, Sylvania-developed machines can produce great quantities of small 
wire and ribbon forms as well as wire cuts and leads. 

Results: Sylvania can supply the parts you need—in high production quantities 
of top quality—and at lower cost 


CUSTOM WELDED 


If your part is standard- 
sized, miniature or submini- 
ature, welded assembly is a 
To help 


meet your custom assembly 


Sylvania specialty 


needs, Sylvania has devel- 
oped new high-speed, high- 
volume welding techniques, 
advanced welding equip- 
ment, automatic and semi- 
automatic, and a corps of 
trained specialists 

Result: Sylvania welded as- 
semblies assure high-quality 
electrical and mechanical 
contact, mirror-image uni- 
formity, low cost. 


*QC MEANS QUALITY CONTROL! 


Sylvania maintains a complete quality control department to assure that parts are made to your 
This control works for you throughout the manufacturing cycle. It’s just 


exact specifications 
one more way you benefit when you have Sylvania on the job 


For full details or a quote, write Sylvania Electric Products Inc., 


YLVA 


CUSTOM ASSEMBLED 


Many of our customers have analyzed their 
parts assembly needs. And they have dis- 
covered that Sylvania can often deliver a 
completely assembled and packaged prod- 
uct — using either all Sylvania components, 
all customer components or both — at lower 
cost than is possible within the customer’s 
own facilities 

Result 
predominantly plastic and metal, and the 
quantities 50,000 or more, it pays to have 
Sylvania assemble it. 


If your product is small, the parts 


Parts Division, Warren, Pa 


JL 


sussidiary of GENERAL TELEPHONE & ELECTRONICS 


For more information, turn to Reader Service card, circle No. 403 
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fete] 4°43 & 
fusion bond finish 


cuts costs of welded 


wire products 





Photo courtesy Bauer Brothers, Springfield. Ohio 


Before and after photos of this washer clothes guard dramati- 
cally demonstrate the savings possible with CORVEL fusion 


bond vinyl finishes on welded wire products. 


Sharp edges and rough weld flash on the bare wire were com- 
pletely covered in the WHIRLCLAD* Coating Systemf. 


Grinding and other deburring operations were eliminated. 


Economical bright basic wire, excellent for CORVEL finishes, 
saved about 44¢ per pound over premium priced, extra-clean, 


extra-bright wire necessary for plating processes. 


Another savings—only a single dip was needed to get a 
smooth, thick vinyl coating in a matter of seconds. Coating is 
uniform, with no thick and thin spots, and completely free of 


sags, drips and bridging. Thus, a minimum amount of ma 


ented serma 


The WHIRLCLAD Coating 


For more information, turn to 
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rial is required. The vinyl coated clothes guard is highly 
resistant to detergents and corrosion. 

CORVEL finishes are specially processed dry powders for use 
in the WHIRLCLAD Coating System and are available in 
cellulosics, vinyls, epoxies, nylon, polyethylene and chlori- 
nated polyethers. 

The WHIRLCLAD Division of The Polymer Corporation will 
assist you in the application of CORVEL Coatings to your 
products. Further design literature can be supplied. 
Engineering assistance is available to set up the WHIRLCLAD 
System in your plant according to your specific requirements. 
Facilities for sample development and custom coating serv- 


ice are also available. *Trademark of The Polymer Corporation 


Write to: 

The Polymer Corporation 
Whiriclad Division 
Reading, Pa. 


Reader Service card, circle No. 423 

























HAVE YOU LOOKED INTO 
THE DESIGN POSSIBILITIES 


OF 


4 


Roll-Bond “inflated” aluminum sheet is telah eme-dmelale Mel -letela-t 
dha Wee ale Ml (-t- 0.00 olgeloh aml i @met- tall ol—mel-t-llelal-loMcomilel-temeot-laa anilellel_s 
airs, gas, or wires. And the manufacturing method is so 
flexible that any continuous tubing pattern you draw 
ola lm ol-0ol-) ail ot- Uni ol- Masel gelelelol-lo MM lala coli ba —leolale Mm el-tal-1i-o 
Want more facts? Contact Olin Mathieson today for 
literature and a free preliminary analysis of Roll-Bond. in 
WZolelam-1o)e)|(ot-bilelabam @)itaMm\i-call-t-lolarm4i-3¢- tlm Ol al-tlelaMia dell Ea =lelale 
Products, East Alton, Illinois. 


For more information, Circle No. 437 
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Designers who look to Nylon look to WAAWEONWAL first 





For fabricated parts—or for extruded In many cases, fabricated parts basic materials needs—PHENOLITI 

strip, rod, tubing or special shapes from standard or special extruded Laminated Plastic, Vulcanized Fibre, 
you'll find National a dependable shapes give you more design freedom PHENOLITE Copper-clad. Many 
primary source of Nylon. Costly at no greater unit cost. Buying from grades from the more than 100 avail- 
molds and time delays may favor the source makes this possible. Be able—including Nylon rod—are “in 
the delivery of 100 usable parts fore you “‘freeze’’ a molded design, stock”’ for immediate shipment. For 
fabricated from National Nylon talk with your National Sales Rep- Nylon sizes, grades and properties 
and timed to your production resentative write Dept. KK-7 for our Technical 


needs Check him, also, for your other Data Folder. 


a NATIONAL wwtcaAnizED FIBRE co. 


NATIONAL FIBRE CO. OF CANADA, LTD., Toronto 3, Ont 


For more information, turn to Reader Service card, circle No. 354 
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As this heavy-duty milling machine makes a high- 
speed cut, vital components of AISI 4340 and 


resistance, help 


maintain 


4620 nickel alloy steels provide strength and wear- 


precision tolerances. 


Two nickel alloy steels...4340 and 4620... 
give this machine sustained cutting accuracy 


Here’s how two general-purpose 
steels used by Kearney & Trecker in 
their heavy duty TF series milling 
machine have helped that company 
maintain its famous high-perform- 


ance standards: 


The spindle is made of AISI 4340 
nickel alloy steel. This through- 
hardening steel is quenched and tem- 
pered to develop good fatigue 
strength and high tensile strength 
with a minimum of distortion. Spin- 


of 4340 


stresses and wear while maintaining 


dles steel resist torsional 


straightness at every running speed. 


Gears are precision-cut and wide- 


faced. They are made of AISI 4620 


general-purpose carburizing steel. 
These gears are carburized and hard- 
ened to 58-62 Rockwell “C”. What's 
more, AISI 4620 nickel alloy steel 
has a tough core to withstand shock 


loading. 


This report is typical of the many 
coming in from manufacturers who 
have employed the two General 
Purpose Steels for a variety of ma- 


chinery components. 


Available right off the shelf from 
your local Steel Service Center, AISI 
4340 and 4620 offer you a two- 


fisted way to cut costs and still 


satisfy the majority of your engineer- 
Other standard 


providing 


ing requirements. 
nickel-containing steels 
particular combinations of proper- 
ties—are also available from your 
Steel Service Center for your re- 
maining needs. 

Consider nickel alloy steels for 
gears, shafts, bearings and other ma- 
chine parts you design, order or use. 
And any time you require engineer- 
ing information to help you select 
the right material for your applica- 
tion, write to INCO, outlining your 
problem. We will be glad to help. 


The INTERNATIONAL NICKEL COMPANY, Inc. 


67 Wall Street Aked, New York 5, N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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New Housing Projects, 1960 Style 


Product builders achieve significant improvements with 


Pro-fax’ polypropylene 








BULLETIN 

WASHINGTON, D. C. ... The Food & Drug 
Administration has issued a formal regulation, 
appearing in the Federal Register, authorizing 
the use of Pro-fax polypropylene in products com- 
ing in direct contact with all kinds of food. Pro- 
fax thus becomes the first packaging material to 
win approval through the issuance of a formal 
Food Additives regulation. Author of the success- 
ful petition was Hercules Powder Company. 
Hercules predicts widespread use of Pro-fax in 
food uses, including packaging films, molded con- 
tainers, coatings, liners and dispensers used in 
food handling. 





Plastic housings in all manner of sizes and 
shapes, used in an across-the-board list of prod- 
ucts, are among the first big developments of the 


’60s ... an exciting clue to things ahead. Mate- 
rials such as Pro-fax polypropylene are fast 
changing the face and function of many a prod- 
uct, lending new color and styling appeal, im- 
proved performance, and above all—lower cost! 

Measured by the 
achievements of today’s new materials border 


yesterday’s standards 
on the impossible: they provide high resistance 
to heat, moisture, household chemicals, foods 
and cosmetics. They offer rich color and are 
ideally adapted to the attractive styling requi- 
site for modern merchandising. Yet because they 
are low-cost materials, adaptable to rapid cycle 
injection-molding, they are priced right! 

No wonder that just about every new plastic 
housing project you see these days is a Pro-fax 
project. Here are a few of the latest. 
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AROUND THE YARD 


A handsome Pro-fax housing is the new symbol of quality 
on today’s modern power mower. An excellent example 
is this high-styled motor shroud for the 1960 Power-Matic. 
Its beauty belies its rugged strength, for this sturdy hous- 
ing is virtually unbreakable and will permanently resist 
heat, moisture, gasoline, oils and greases. Molded-in 
mountings eliminate the need for metal parts in the as- 
sembly, providing a design that is completely corrosion- 
proof. In addition to the Power-Matic shroud, Amos 
Molded Plastics, Edinburg, Indiana, has designed, devel- 
oped and produced a series of similarly well-engineered 
Pro-fax mower housings for Power Equipment, Cicero, 
Indiana, and its value-conscious customers. 








IN THE KITCHEN 
Pro-fax in the kitchen spells new convenience and satis- ill 
faction for homemakers. Knapp-Monarch’s Redi-Matic i\lll! i 
automatic can opener-knife sharpener features a gleaming 


white Pro-fax housing, and as a result is impervious to 


—_ 


damage from staining and rough handling. The Redi- 


Matic automatically opens cans of all shapes, and sharp- 
ens knives of all sizes. Thanks to Pro-fax, it’s a luxury 
styled unit designed to blend beautifully with any kitchen 


} 
“* 
~ 
decor. 7 
Molded by: Warren Molded Plastics, Cortland, Ohio. ¥ 


ABOUT THE HOUSE 
Fast becoming standard home accessories, vaporizers and 
humidifiers have gotten a big boost in appearance and 
function by the use of Pro-fax. The new Northern auto- 
matic vaporizer/humidifier (shown here) features a bowl 
and lid molded with Pro-fax, in contrasting colors, which 
combine in a compact, easy-to-carry appliance that is 
both useful and attractive wherever it serves in the house. 
Pro-fax bowl and lid molded by Cruver Manufacturing 
Company, Chicago, Illinois. 


IN THE NURSERY 


Modern style and top performance go hand in hand in 
Formulette’s bottle warmer. It’s molded with Pro-fax, of 
course, for a luxury finish plus resistance to heat and 
moisture, in a rigid, thin-walled, lightweight unit that is 
easy to handle, always safe and the ultimate in completely 
sanitary nursery equipment. 

Molded by Boonton Molding Company, Boonton, Neu 
Jersey, for Formulette Company, Inc., Jamaica, New York. 


IN THE LUNCH BOX 

Breadwinners, too, enjoy the convenience and luxury of 
Pro-fax. The handle, jacket, and collar of Aladdin’s new 
Dura-Clad vacuum bottle, with its unique ‘“‘Pitcher-Pour”’ 
handle, are all molded in one piece with Pro-fax. Pint-size 
shown here in use) fits all workmen’s lunch kits while the 
quart size (appearing in the background) is designed to fit 
conventional outing kits. Both models are heat-, scratch-, 
and stain-proof. 


HERCULES POWDER COMPANY 
900 Market Street, Wilmington 99, Delaware HER @; rd J L Zi S 
THREE NEW MATERIALS FOR THE PLASTIC INDUSTRY 
HI-FAX HIGH-DENSITY POLYETHYLENE ° PRO-FAX® POLYPROPYLENE ° PENTON® CHLORINATED POLYETHER 


For more information, turn to Reader Service card, circle No. 413 
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HOM, a new alloy developed by 
Duraloy metallurgists and capa- 
ble of retaining high working 
strength at temperatures up to 
2200°F, with limited application 
at 2300°F. The alloy is applica- 
ble for all types of castings: 
static, centrifugal, shell-molded. 


Shell-molded castings for meet- 
ing close and rigid tolerance lim- 
its; post-casting machining or 
other finishing practically elim- 
inated; low mass production 
costs. 


Centrifugal castings which pro- 
duce a denser, more uniform 
metal approaching forged metal 
strength. 


If the casting used in 


your equipment has to 


meet high temperature Static castings which can be 
(anything up to 2300°F) produced in weights ranging 


from a few ounces to single 
4 castings 7 tons and heavier; 
not discuss your require “Ge” wide range of alloying combina- 
ments with our metallur- . . tions, including the new HOM 
: referred to above. 


and/or corrosion, why 


gical staff? Our company 
can call upon more than 
35 years of experience in 
this exacting business of 
high alloy castings. In the 
meanwhile, if you would 
like to have a copy of our 
latest catalog, write or 


call our nearest office. 


As a point of interest, all of the castings shown here were produced for Lindberg 
Engineering Company, Chicago, for incorporation in heat-treating and anneal- 
ing equipment sold by that company. The centrifugally cast tube for the gener- 
ator, trays, and rollers for the furnace rails are cast of HOM. The rails and rail 
supports for the furnace are statically cast of 35-15 alloy. 


OFFICE AND PLANT: Scottdale, Pa. 


EASTERN OFFICE: 12 East 41st Street, New York 17, N.Y. 
CHICAGO OFFICE: 332 South Michigan Avenue 
DETROIT OFFICE: 23906 Woodword Avenue, Pleasant Ridge, Mich. 


more information, turn to Reader Service card, circle No. 388 For more information, circle No. 431 ¥ 
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stainless steel 


No other metal has the strength, beauty and 
versatile qualities that serve you so well today 


and promise so much for tomorre¢ 


There is nothing like 
stainless steel for 
THE AUTOMOTIVE INDUSTRY 


McLouth Steel Corporation, 
Detroit 17, Michigan 


Manu ‘acturers of high uality 
_— ; btn qe 9 k for the STEELMARK 
Stainless and Carbon Steels the products you buy 


VICLOUTH STAINLESS STEEL 





TubeXperience in action 








Wind Velocities to Mach 7 Prove 
Needle-Size Superior Stainless Tubing 


nes of Superior Type 304 stainless tubing, Ductility is a big advantage, too. This permits the 
edle size, withstand the vibration caused Superior tubing to be easily hand-bent into complex 
beyond Mach 7 and internal pressures as shapes for application in wind tunnels and readout 
5000 psi in FluiDyne wind-tunnel tests of equipment 
9 gpa res. a ae Filling Stainless steel tubing orders that call for tiny 
. ' needie tubing in gages from 6 to 33 or tubing with 
OD’s as large as 1.125 in. calls for the resources 
Corp., one of the major de Superior has to offer. Why not investigate us as a 
facilities, attributes the long life source of small-diameter stainless tubing. Catalog 21 
yng to both its high modulus of describes the types and analyses available. Also gives 
resistance to the corrosive effects of tips on its selection and application. Superior Tubs 
dering-flux acid. Company. 2006 Germantown Ave., Norristown, Pa 


©. 
Syoerir lade 
The big name in small tubing 
NORRISTOWN, PA. 
i// ana é 10 in. to ¥% in. OD—certain analyses in light wa j 14, in, OD 


Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 


For more information, turn to Reader Service card, circle No. 396 


DESIGN ENGINEERING 





CONVENTIONAL COPPER AMZIRC 
Severe heat checking after No appreciable thermal ef- 
4679 hot runs fects after 6941 hot runs 


AMZIRC ZIRCONIUM-COPPER ALLOY 
withstands more than 6900 hot runs of 
catapult powerplant at 3500F » 


A critical factor in the success of the Internal Combustion 
Catapult Powerplant developed by Thiokol’s Reaction Motors 
Division is reliability of the orifice plate that directs a 3500F 
igniter flame into the combustion chamber. When plates of con- 
ventional copper failed, Reaction Motors Division turned to 
AMzIRC, AMCO’s new Zirconium-Copper Alloy that combines 
high conductivity with remarkable resistance to thermal im- 


T i teaction Motors (Divisi 
pact. They had their answer! Reaction Motors (Division of 


Thiokol Chemical Corp.) ICCP 
DESIGN REQUIREMENTS: can launch a 100,000 Ib. air- 

craft at an end speed of 125 
5000 cycles of 7 sec running at 3500F, 7 sec water cooling, 16 sec rest Lnate in 295 seconds 


Specifications per Fed Spec QQ-C-576, 0.1% Zr solution treated, 
temper soft anneal cold-worked, aged 


+ 


Total runs 4679 cycles 6941 cycles 


no heat cheching, 
orifice enlarged from 
0.562” to 0.572” 


Condition on deep heat checking, orifice 
removal enlarged from 0.562” to 0.572” 








For complete technical data and metallurgical assistance on 
AMZIRC contact AMCO’s Technical Service Section. 


AMCO sa division of American Metal Climax, Inc. 
1270 Avenue of the Americas, Rockefeller Center, New York 20, N. Y. 


AMZIRC is also known as N-4 Alloy 
For more information, turn to Reader Service card, circle No. 440 
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Synthane makes and fabricates 
laminated plastics 


We have the facilities; the know-how is free 


these three, of many, rea- Others are special, designed primarily terms of money, in headaches, i 
to your advantage to for the high-speed production possi- possible errors, waste or delays. Call 
a Synthane representative near you 
for a quotation—you'll find him in 
any principal city or write Synthane 
Corp., 8 River Road, Oaks, Pa 


ate your laminated ble with laminated plastics. 
Second, behind the machines are 
have the facilities for the people who know practically every 
llers, drills, lathes, trick in the book for turning out a 





planers, sanders. Hun- first-class job fast. They also know 
Many are standard what to avoid doing. ti tn 
modified to machine Finally, it will hardly pay you to 


plastics quickly and easily. handle your own fabrication—in 





CORPORATION OAKS, PENNA. 


? , ° : ’ 7 ° Sheets « Rods « Tubes « Fabricated Part 
You furnish the print—we’ll furnish the part operand 5 Sidiineasies 


more information, turn to Reader Service card, circle No. 337 For more informatien, circle No. 432 > 
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THE OIL-RESISTANT, OZONE-RESISTANT NITRILE RUBBER 


Great new advance New PARACRIL OZO offers such advantages as: 
in hose rubber 


significantly superior ozone resistance 

New PARACRIL OZO—exciting development from the lab- excellent fuel and oil resistance 

oratories of Naugatuck Chemical—offers the makers and several times greater abrasion resistance 
users of rubber hose a combination of properties never permanent retention of bright, uniform colors 


before available . 
Discover first hand the dramatic new sales possibilities this 


Hose of every description, for practically every purpose, can proven new rubber offers you. In increased product quality 
be tougher, less bothered by abrasion, more oil and weather In new production economy. For full information and what- 
resistant than ever before. And it can be produced in any ever technical assistance you may require, contact your 


permanent color desired! Naugatuck representative or write the address below today. 


Naugatuck Chemical 


Division of United States Rubber Company nose aye Steet, 








Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals - Reclaimed Rubber - Latices . CANADA: Naugatuck Chemicals Division, Dominion Rubber Co., Ltd. Elmira, Ontarie CABLE: Rubexport, N.Y 





Switch To ZINC DIE CASTING 


From Cast Iron 
CUTS 
PRODUCTION 
COSTS 
Substantially 





Cast iron retainer ring 


machining operations Improve vour The 


St. Louis’ B 


Fliminate costly 


That's precisely what ildor Flectric Co 
switched to Eliminat 


High co 


yf a locating ring groove Boring a shaft 
1 screw holes. Other disadvantages of the sand 


ided dimensional inaccuracy, rough appearance 
I 


reject rate due t ire 36,000 


DIE CASTING is the Process... 


oO porosity 


Eastern Sales Agents: 
ST. JOSEPH LEAD CO. * 250 Park Avenue * New York 17, N.Y. 


BUNKER HILL 99.99+% ZINC 


Sales Office For The Pacific Coast 
THE BUNKER HILL CO. * 660 Market St. * Son Francisco, Calif. 


156 


For more information, turn to Reader Service card, circle No. 415 


3. Close 


Upper and lower surface 
of the same casting in zinc 


f basic materi 


ion of machining 2. Higher speed of productian 
' dimensional tolerances. 


5. Superior appearance 


as cast 


rrosion resisiance 


ire die cast to exact size. with the bore holes 


cored screw holes are 


The 


St. I 


Id to .002 


y are cast in three 


Mo 


im ope ratiolr 
ller Co. ol 


imnual produc tion requirements 


OUIS Each $size 1S 


is 


it the rate of 160-180 shots per hour 


of each siz 


. LINC, the meta/... 
BUNKER HAILL 
The 


Preferred 
y Alito 


For more information, circle No. 433 * 





D | ml §6one of Du Pont's versatile 
e git engineering materials 


RACE 
RING BEARING 
WASHER 


Ring bearing 
illustrates 


Ring bearings molded by Sinko Tool and Manufacturing Co., Chicago. 


why Delrin* 


is doing so many jobs once reserved for metals 


*t6 us pat Off 


BETTER THINGS FOR SETTER LIVING 


THROUGH CHEMISTRY 


The use of roller and wheel conveyors 
in manufacturing, wholesale and retail 
business has become commonplace to- 
day. But as universal as their use is, 
they have remained relatively noisy 
mechanisms. 

This objection prompted the Rapids- 
Standard Co., Inc., Grand Rapids, 
Mich., to seek a new material to re- 
place the steel balls in the bearings of 
their conveyors. Their choice was rings 
of “‘Delrin’’ acetal resin (roller con- 
veyor shown above). With ‘Delrin’, 
the conveyors are now ‘“‘virtually noise- 
less’. The bearings require no lubrica- 
tion in service, and they will not cor- 
rode in normal use. In addition, weight 


savings of 50-65% have been realized. 

This ability of “‘Delrin’’ to compete 
with steel, die-cast zinc and aluminum, 
cast and machined brass, and ¢ast iron 
(see reverse side for additional ex- 
amples) stems from its unique combi- 
nation of physical properties and de- 
sign-production economies. With 
‘*Delrin’’, manufacturers are discover- 
ing new ways to improve product per- 
formance—often at lower cost. 

SS 

We will welcome the opportunity to 
assist you in evaluating how ‘“‘Delrin’’ 
can bring these advantages to your 
products. A coupon appears on the re- 
verse side for your convenience. 





one of Du Pont's versatile 
engineering materials 


Delrin 


These typical end-uses reveal 
performance and cost advantages 
of Delrin“ 


The Lionel Corporation, Irvington, N. J., 
recently introduced a new HO train line 
featuring a one-piece coupler molded of 
“Delrin’’. Because “Delrin” has the resili- 
ence to provide the desired springing action, 
Lionel designed the integral unit to replace 
a two-part assembly of coupler and coil 
spring. The result: a significant assembly 
saving plus a new sales feature. “Delrin” 
is also used for the axles, journals and two 
other truck parts. (Molded by Lionel and 
4 Gries Reproducer Corp., New Rochelle, 
- New York.) 
4 k 4 
Four parts (in white) of this self-seating 


The head frame (top) of the new “Lady “ : . 
faucet are molded of “‘Delrin’’, saving 80% 


Ronson”’ Superbe electric shaver is molded 


of “Delrin”, saving 80% of the weight of 
the previous gold-plated die-cast zinc part 
Ronson Electric Shaver Corp., Stamford, 
Conn., specified “‘Delrin” because it could 
be molded to and hold the necessary di- 
mensions, have a smooth luster without 
finishing and resist body oils and colognes. 


Delrin’’ acetal resin offers designers such properties as strength, stiffness, dimensional 
resilience and abrasion resistance; and it retains these properties even under 

exposure to wide variations in temperature, humidity, solvents and stress. Already 
hundreds of designs taking advantage of these properties, and of the cost savings 
made possible by rapid injection molding, have been specified or put into commercial 
production. We suggest that you investigate how “Delrin” can be profitably used in 
the products you make and the products you use. Commercial processors and our own 


staff of technologists are ready to assist you. 


E. I. du Pont de Nemours & Co. (Ine. 
Department | Room 2507-D 
Nemours Building, Wilmington 98, Delaware 
I am interested in evaluating ‘“‘Delrin”’ for the following use: 





‘ 


meé 





npany Position 





; 





State 





of the cost of the machined brass compo- 
nents formerly used by the Kel-Win Manu- 
facturing Co., Inc., Richmond, Va. Kel- 
Win chose “Delrin” because it resists cor- 
rosion and mineral buildup, remains di- 
mensionally stable and eliminates machin- 
ing operations and rejects. (Molded by 
Dominion Plastics Co., Colonial Heights, 
Virginia.) 


POLYCHEMICALS DEPARTMENT 


DELRIN® ccetai 


Alathon Zytel* 


resins 


Lucite 





& DESIGN 


... AT A GLANCE 


Some missile and space vehicle design problems may be solved as the result 
of a new, $12 million research program aimed at finding new types of graphite and 
graphite-based materials. Uses for such materials will be rocket nozzles, nose cones, 
leading edges, and other hot spot applications. Main objective of the program is to 
explore raw materials and processing techniques that will significantly reduce vari- 
ations in the mechanical and physical properties of graphite. Another objective is 
to reduce total manufacturing time for graphite from many weeks to several days. 


Source: National Carbon Co., Div. of Union Carbide Corp., 27¢@ Park Ave., New York 17. 


Efforts to improve the heat resistance of nylon by adding stabilizing compounds 
have thus far been only partially successful. Studies show that the heat stability of 
nylon 6 molding compound is considerably improved by adding conventional anti- 
oxidants. However, it is unlikely that there will be a generalized solution to the 
problem; rather, each nylon resin will probably require a careful experimental 


program to determine how it may be stabilized against deterioration. 
Source: M. M. Epstein and C. W. Hamilton, Battelle Memorial Inst., 505 King Ave., Columbus 1, Ohio. 


High temperature structural strength of tungsten can be maintained at tempera- 
tures exceeding 3000 F by coating the metal with a vitreous-type bonded refractory 
in which zircon is bonded with a high temperature glass. 


Source: C. G. Bergeron, University of Illinois, Dept. of Ceramic Engineering, Urbana, III. 


Alloys suitable for use in fuming nitric acid at temperatures up to 160 F are 
aluminum alloy 6061, and stainless steel types 304, 347 and 17-7PH. The alloys were 
selected on the basis of service life, ease of fabrication, weldability and mechanical 
properties. 

Source: E. J. Kinsley, Bell Aircraft Corp., Buffalo 5, N. Y. 


Beryllium machines like cast iron but is more abrasive on tools. Its brittle behavior 
can cause spalling at the exit of cuts, and cracking at the surface. During machining, 
pieces of built-up edge can slough off the tool, causing a scuffed, machined appear- 
ance. Carbide tools seem best for turning, milling and drilling beryllium at speeds 


up to 250 fpm. 
Source: Rpt. No. PB 161171, Office of Technical Services, Dept. of Commerce, Washington 25, D. C. 


Fluxes used in tinning aluminum alloys can cause intergranular cracking. However, 
recent research shows that electroplating or ultrasonic tinning permits the appli- 
cation of tin to aluminum alloys without danger of intergranular cracking. 

Source: C. L. Carlson, Westinghouse Electric Corp., Materials Engineering Depts., East Pittsburgh, Pa. 


Tensile properties and hardness of spun metal parts increases with increasing 
reductions and elongation decreases. Data comparing the effects of mechanical and 
hand spinning methods on the properties of spun parts show that mechanical spin- 
ning produces a part with more uniform strength than parts produced by hand spin- 
ning. However, hand spinning produces a part with more uniform deformation. 
Properties of mechanically spun metal parts are similar to those produced by cold 
rolling to the same reduction. 


Source: S. Floreen and others, University of Michigan Research Inst., Ann Arbor, Mich 


€ For more information, circle No. 433 
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NOW IN RYERSON STOCK... 





lower-cost aluminum sheet 
to help you improve your product 


Now you can get immediate delivery on new lower-cost 
Reynolds aluminum building sheet—any size, any 
quantity —from large Ryerson stocks. 

These sheets open many new opportunities for you 
to gain the advantages of aluminum without paying 
the higher price. For example, a company making 
electrical enclosures for exposed locations was having 
a problem keeping painted surfaces from peeling and 
rusting. This manufacturer hadn’t considered aluminum 
because price seemed prohibitive. 

A Ryerson specialist recommended a switch to new 


aluminum building sheet. No painting was required 


because these sheets won’t rust—and resist corrosion 


indefinitely. 

In hundreds of applications you'll find a definite 
price, product and profit advantage when you use new 
aluminum building sheet. And remember, Ryerson has 
worked with more companies in more applications of 
this new building sheet than any one in the industry. 
This is a background of experience that can best help 
you evaluate application possibilities in your operations. 
Get all the facts from your Ryerson aluminum spe- 
cialist soon. 


It’s the ‘“‘Metalogical’’ thing to do. 


STEEL*ALUMINUM + PLASTICS » METALWORKING MACHINERY 


METALOG/CS S RYE RR SO N STE & 


Joseph T. Ryerson & Son, Inc., Member of the 


Steel Family 
® 


PLANT SERVICE CENTERS: BOSTON + BUFFALO + CHARLOTTE + CHICAGO + CINCINNATI » CLEVELAND + DALLAS + DETROIT + HOUSTON + INDIANAPOLIS 
OS ANGELES + MILWAUKEE + NEW YORK + PHILADELPHIA + PITTSBURGH + ST. LOUIS * SAN FRANCISCO + SEATTLE + SPOKANE + WALLINGFORD 


For more information, turn to Reader Service card, circle No. 372 
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High Energy Rate Forming Processes 


—Their Present and Future 


A limited production tool now, high energy are held to a minimum. Process 
is extremely reproducible. 
forming methods are being explored for forging, welding, 7. Scrap is low. 
sheet metal forming, and powder metallurgy. . Sas eye ses Se 
, se dies cut down on production lead 
times. 
by Donald Peckner, Associate Editor, Materials in Design E in Briefly, in high energy rate 
forming, parts are shaped by the 
extremely rapid application of 
high pressures.. Pressures run- 
ning as high as 2,000,000 psi and 
speeds as high as 3000 fps may 
@ Use of extremely high energy cannot be formed by conventional be used. 
methods for processing and fab methods. A number of high energy form- 
ricating metals is an accomplished 2. “Exotic” metals, which do ing systems have been developed. 
fact. Parts can and are being not readily lend themselves to con- They include methods making 
produced on a production basis. ventional forming processes, may direct use of the energy from 
On the other hand, the methods be formed over a wide range of detonated high explosives (ex- 
used are still empirical. Research sizes and configurations, plosive forming), expanding gas 
programs now are underway to 3. Excellent for restrike opera- (cartridge) systems, high pres- 
obtain data which will permit ac tions. sure gas forming (Dynapak), and 
curate control and _ specification 4. Springback after forming hydrospark forming. All these 
of the process variables. reduced to a minimum methods except hydrospark form- 
The principal advantages of 5. Dimensional tolerances are ing are now being used in com- 
high energy rate forming are: generally excellent. mercial production. Each of the 
1. Parts can be formed which 6. Variations from part to part methods is covered in this article. 
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The Principles of High Energy Forming 


Several parameters must be 


discussion of 


1) the 


considered in a 
high energy forming: 
load itself, including its mag 
nitude, and distribu 
tion; 2) mechanical properties 
f the material effect 
of rapid deformation on these 
properties; 3) geometry of the 
part being formed; and 4) space 
and time distribution of the load 
within the part. 

The impulsive load 

An impulsive load, as 

n explosive forming, has sev 


duration, 


and the 


found 


é i characteristics (see below) 


A General profile of 


generated by an im 


transient 
listurbance 
load. 


pu Ve 


1 


t increases to a high 


stress 
almost instantaneously 
than 
rapidly decreases in magnitude; 
and the total time it is effective 
measured in microseconds, 


vaiue 


(less t 


a microsecond); i 


To reduce the possibility of 


fracturing the work piece, and 


to aid in explosive forming, the 


pressure-time relationship should 
be modified pres- 
sure peak and increase loading 
time. A setup to promote these 
modified 


to lower the 


modifications and a 


pressure-time profile are shown 


below. 





B—D. tonating 


}} modity 


é xplosir é 
container 


waves. 


modi fie i, 


C—Peak pressure is 


, : 
applied for tonger time vhen 


modified. 


hock wave are 


When an 
nated, the 


fraction of a 


explosive 
pressure rises 
microsecond 
(approximately 


then 


very high value 
atm) and 


few 


300,000 decay 


microseconds 


rapidly—in a 


because the gaseous products 
of the explosion expand and 
bleed away. A pressure vs time 
curve (see Fig C) at a particu 





Pressure, k 











curve for typ 


, 
D Pressure 


cal explosion. 


lar point on the loaded surface 


of a body depends both on the 
shape of the specimen and the 
shape of the applied explosive 
charge. Since metals are not 
completely rigid, they react to 
the pressure generated by the 
The nature of the 

complex and not 


this 


explosion. 
reaction iS 
completely understood at 
time. 


Pressure at the interface, as 


within the steel 


viewed from 
plate, is about 280,000 atm; the 
initial velocity of the steel su 
fps. Disturbances 
different 


materials. A 


face is 2260 


propagate at rates in 
different 


figure for lead is 2590 fps. 


similar 





plosive 


peing 
ing. The 


ods are 
‘orming. Both 
bulkhead forming allow 
piece to be 


ing. It is 


Explosive forming 


different ex 
forming techniques now 
free forming, bulk- 
1 forming and cylinder form- 
drawings in 


There are three 


USE d ° 
schematic 


how these three meth- 
sheet 


‘ig 1 show 
used for 
free forming and 
the work 
form- 
heating 


metal 


before 
that 


heated 
obvious 


prior to forming cannot be speci- 
fied 


method is used. 


when the cylinder forming 


Although air can be used as a 


MATERIALS IN DESIGN 


coupling medium between the ex 
and the work 


water 1S 


piece, in 
used. An 


plosive 
most cases 
analysis of explosive efficiency by 
Lockheed Aircraft Corp. indicates 
that efficiency in air is approxi 
mately 4%; the corresponding 
33% 


figure for water is 33%. 


Explosive forming today has 
the status of an art, with vigor- 
ous attempts being made to trans 
Much of 
work is per- 


basis. Various 


form it into a science. 
the experimental 
formed on a trial 
factors such as mechanical prop- 
erties of the material, type of ex- 
plosive, pressure-transmitting me- 


ENGINEERING 


dium and distance of explosive 
from work piece must be 
individually until the combination 


to successfully produce 


varied 


necessary 
a part is determined. 
Material constants 
Materials that have 
plosively formed range from alu 
minum alloys to the refractory 
metals. All formed 
various configurations, depending 
on the forming conditions. 
Work performed at the National 
Northern Div. of American Pot 
ash and Chemical Corp. indicates 
that initial elongation of the 
material is directly related to ex- 


been ex 


can be into 








Du Pont 
E—IJnitial stages of growth of 
shock wave and gas bubble 10 
microseconds after detonating a 
é xplosive in 


sphere oT high 


water. 


The shown in the 


illustration 


expiosion 
above 
explosive 


shows how 
rapidly the force is 
applied to the metal blank. Five 
factors that affect the shape 
and strength of the pressure 
weight of explosive, 
type of ex- 
transmitting medium 


pulse are: 
charge geometry, 
plosive, 
and distance between explosive 
and work 
Stress and velocity 

The required to 
ture the materials is called the 
fracture stress, 
explosive forming this 
of primary concern. 
Values of ¢, for five metals are 
given in the table. 

A critical 


piece. 


stress rup- 


critical normal 
on. In 


stress 15s 


velocity exists at 


CRITICAL PARTICLE 
VELOCITY AND NORMAL FRACTURE 
STRESS FOR FIVE METALS 





Particle 
Velocity for) Associated 
a Fracture, |o,, 1000 psi' 
fps* 





2024 Aluminum 202 140 
Copper (annealed) 264 410 
Brass..... 216 310 
AISI 1020 (annealed) 84 160 
AISI 4130 (annealed) 235 440 








*Differential particle velocity needed to cause 
fracture. 

Critical normal fracture stress. 

Source: J. S. Rinehart. 


which deformation 
will begin to occur on the sur- 
by the shock 


funda- 


permanent 


face impacted 
front. A_ velocity of 
mental importance in explosive 
forming is that at which frac- 
ture first begins at the point 
of impact—the critical impact 
velocity. Values of critical im- 
pact velocity are also given in 
the table. 

By analogy with elastic waves, 
it can be assumed that the 
velocity of propagation of a 
plastic strain of particular mag- 
nitude (in the tensile impact 
test) depends on the shape of 
the stress-strain curve at that 
value of strain. The 
of propagation, C, of a particu- 
lar magnitude of strain is: 

C = /(de/de) /p 
where de/de is slope of stress- 
value of strain 


velocity 


strain curve at 
considered, and p is mass den 
sity. 


The impact velocity, V, that 


will produce strain « is given 
by: 


V=.JS* V[(de/de) /p]de 


When strain reaches the value 
€,, corresponding to the ultimate 
strength of the material, do/de 
becomes zero and rupture oc- 
curs. The energy required for 
fracture drops suddenly when 
the velocity of the applied ten- 
sion is greater than the critical 
impact velocity, as shown below. 

In general, an increase in the 
rate of deformation wi!l raise: 
1) the yield strength, 2) the 
entire stress level of the flow 
curve, and 3) the ultimate 
strength of the material. For 
common metals these increases 
are of the order of 10 to 20%. 


F- Effect of impact ve locity on 
mild steels. 
Critical impact velocity, in this 


the elongation of 


case, is 100 fps. 


(After Clark and Wood.) 








high rate) 
formability. The formability equa- 
tion developed by National North- 
ern is: 

P. = K,, (% elong, temp, trans- 
mitting medium, type of ex- 
plosive) 

Where: 

P.=The maximum 
plasticity 
explosive forces without rup- 
ture of the work piece. 
m==A material constant (which 
must be determined for each 
family of materials). 

% Elong=The mechanical prop- 
erty normally determined in 


plosive (or energy 


amount of 


available through 


K 


tensile test. 
Temp=Temperature of the 
work piece. (Plasticity is re- 
lated to 
plosive 


temperature in ex- 
forming, 
conventional forming). 
Medium=The medium used to 
transmit the explosive force 
(air, water, etc.). 
Explosive=Type of 


just as in 


explosive 
used for generating the form- 
ing force. This is a function 
of plasticity different 
explosives have different pres- 
sure-time pulses which affect 
the rate of stress application. 
The factor K,, is the ratio of 


since 


elongation of the formed part to 
elongation as determined by the 
Several K,, values 
National Northern 


tensile test. 
determined at 
are: 

Nickel 

Stainless steel 

Titanium 

Plain carbon steels. 

Aluminum 

Tool steels 

Magnesium 

This parameter is being deter- 

mined for: copper alloys, molyb- 
denum, tungsten, columbium, be- 
ryllium, tantalum, uranium and 
Zircaloy-2. 
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America otasl National Northern Div., American Potash & Chemik 


& Che 
L ) fate ? plosively forging an aluminum arrcratt part. 


eel jet engine line 

EB plosively formed, tole 
fweer dimple 2 ~/) 
Tolerances 

Tolerances cannot be expressed 
quantitatively at this time. At 
least one company has stated that 
springback was eliminated on ex 
plosively formed parts. Other 
companies have found that the 


springback problem is similar to 














that encountered in conventional 
forming. Fig 2 is a photograph 
of a J93 jet engine liner, 43 in 
in dia. The tolerance maintained 
between dimples is +0.010 in 
Work now being performed by 
many companies and other work 
contracted by the Air Materiel 
Command will undoubtedly dé 


ve lop a rigorous set of tolerances 


TABLE 1—ROCKWELL HARDNESS OF to be applied to explosive metal 
EXPLOSIVELY FORMED PARTS orming 
STRETCHED 30-35% 





Effect on properties 

Changes in mechanical prop 
erties caused by explosive form 
Before After UC ing correlate closely with those 
Forming |Formur , obtained in material cold worked 





f to the same degree. Tests on ex 


9g 1028 5B plosively formed nickel alloys, 
18 30( performed at the National North 


h® 


: sad re ern Div ’ bear this point out as 


/ 





shown in Table 1. The table com 





National Norther Vey a pares hardness before and afte 
& Chemical Corp. . a . 
ettins explosive forming. 


TABLE 2—EXPLOSIVE IMPACT TREATMENT AFFECTS MECHANICAL PROPERTIES 
OF STAINLESS STEEL 





Before Explosive Treatment After Explosive Treatment 
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Surface hardening 

In addition to sheet metal form 
ing, other uses of high energy 
rate processes show promise, Ex 
plosive impact hardening will find 
use in components made from a 
material which is hardened by 
cold work (austenitic stainless 
steel, Hadfield steel, nickel, molyb 
denum, etc One probable speci 
fic area of application: restoring 
mechanical properties of parts 
that have been welded or heat 
treated—and thus softened to 
some extent—after cold working 

Hardness can be controlled by 
varying the weight of explosive 
used in any one impact, as well 
as varying the number of impacts 
Fig 3 shows the hardness varia 
tion obtained in Hadfield man 
ganese steel with increasing 
number of impacts 

Surface of the piece being 
hardened will be depressed by the 
application of the explosive. Du 
Pont has found that typical sur 
face depression, using 2 gm per 
sq in. of sheet explosive is: 


Depression Total 


No. of per impact, Depression, 


Impacts in. in. 


0.010 0.010 
2 0.008 0.018 
3 0.005 0.023 
Table 2 presents mechanical 
properties of three austenitic 
stainless steels after explosive 
impact hardening. 
Powder compacting 
Both single- and double-acting 
explosive presses (rams actuated 
by explosives) have been devel 





ational Northern D American Potash & Chemical Cory 
§—Evrplosives weld copper-to-copper at 
ture. Void on left deliberately introduced 


hond is metalurgical, not mechanical. 


room tempera 


to shou 


n the same row. 


Poth ; 
,0ttom row: 


plosives. 





il types of explo 
ng used in explosive 

forming. 
Low explosives: Deflagrating 
explosives (smokeless powder, 
black powde etc.) are charac 


terized by a burning rate which 


can range up to hundreds of 
feet per second. Pressures can 
range from 100,000 to 300,000 
psi but the necessary tooling is 
elaborate and expensive. 

High explosives: Detonating 
explosives (dynamite, TNT, 
RDX, PETN, ete.) are charac 


terized by a reaction zone travel 





Two Kinds of Explosives 


; 


ing through the explosive a 
velocities of several thousand 
feet per second. Since the re 
action occurs in microseconds, 
high explosives release their 
energy at a constant rate, no 
matter how they are confined, 
and a shock front with a pres 
sure close to 2,000,000 psi is 
generated. Because the ampli 
tude and shape of the pressure 
pulse behind the shock front car 
be closely controlled, Du Pont 
has stated that it prefers to us« 
this type of material for explo- 


sive metal forming 


that { dimpled sheet and cold welded assembly are 








oped to determine the feasability 
of producing powder metallurgy 
parts. In addition to powder metal- 
lurgy, some other experimental 
areas have been studied at the 
Naval Ordnance Test Station, 
China Lake, Calif., including: 
effect of explosive powder form- 
ing on changes in material prop- 
packing 


erties, increasing the 


density of materials such as 
graphite (to prepare a neutron 
absorber of uniform density), 
cold bonding of dissimilar mate- 
rials, and bonding of particles of 
low ductility that 


bonded by normal rolling methods 


cannot be 


and shaping powders 
Forging 

National Northern Div., Ameri- 
can Potash and Chemical Corp., 
recently conducted a study of ex- 


plosive forging for the Air Mate- 
riel Command. As a result of the 
study, the following conclusions 
were drawn: 

1. Aluminum alloys can be ex 
plosive forged if the design has 
no extreme contours 

2. Forgings can be produced 
with a high degree of reliability. 

3. Tough, hard dies are neces 
sary for the forging operation. 

4. High explosives provide the 
most efficient available force for 
forging. 

5. The 


fired at a short stand-off distance, 


explosive should be 
and be contained in such a man- 
forces that normally 
would not strike the stock are 
reflected onto the stock, and have 
a geometry approaching the part 
geometry. 


ner that 


National Northern Div., American Potash & Chemical Corp 
6 Tubes are mechanically bonded as liners (top row). 


sho Cn 


Second row: several aluminum forgings. 


designs can be embossed on metal. using 


It is desirable to maintain 
the pressure for milliseconds 
rather than microseconds. 

7. Mechanical properties of 
the forgings are higher than ex- 
pected typical properties. In one 

determined 


case, the 
strength (85,000 psi) and elonga 


tensile 


tion (15%) were, respectively, 
7% and 30% higher than quoted 
typical properties 
8. Costs of explosively pro 
duced forgings exceed those of 
forgings produced conventionally 
Fig 4 is an example of an ex 


plosively forged part. Note that 
this part is produced with a 
draft 


on one side. 


minimum angle and is 


forged only 
Welding and bonding 
Cold welding and mechanical 


bonding can be achieved under 
the high pressures generated by 
explosives. This is an area still 
in the early stages of exploration. 
Fig 5 is an example of a copper- 
to-copper weldment produced ex 
plosively. The metallurgical, not 
mechanical, bonding occurs. The 
fusion line is barely discernible 
to the right of the void as a cold 
worked area. 

Fig 6 contains examples of 
tubes bonded by explosive expan 
sion. Note that a shoulder is usu 
ally explosively formed to lock 
the bonded material into place. 
The photograph shows 
other types of explosive forming 


several 


operations, including forging, em- 
bossing, dimpling, and welding. 
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Cartridge 


Enclosing 
retainer 


Forming 
die 


Cavity 


Workpiece 


-Cover plate 


(a) 
7 —Three 


througt 


of cartridge 


gene ral type 8 


Expanding gas 
methods 


Explosive 
making use of 
are closely related to the explosive 


forming methods 


expanding gases 


forming techniques just described. 
Gases generated by the burning 
of propellant powders in a closed 
container produce the 
required to form metals. Most of 
the work that propellant 
powder gases as the energy source 

classified as bulge-type form 
cartridge 


pressures 


uses 


ing. Several types of 


actuated dies are shown in 
Fig 7. 
which is 


expand 


In each die, com 


pletely closed, the gases 


directly against the work piece, 


forcing it to accept the contour 


of the female die (or be bent 
There are two 


expanding 


over a male die). 
variations: 1) the 
against 


( Fig 7b) 


gases may press some 


medium 
turn, 


intermediate 
which, in 
the work 


panding 


presses against 
piece; or 2) the ex 
actuate a 
that acts on the inter- 
medium ulti- 
forms the work piece to 


gases piston 
(Fig 7 
mediate which 
mately 
the proper configuration. Several 
formed by these 
Fig 8 and $ 


parts methods 


are shown in 
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a hydraulic sustem: c) gases act 


DESIGN 


(b) 


devices a) gases ¢ 


ron, 


a a ind ac 


t directly against the 
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Bolster 


(Cc) 


u orlepie ce; b) pressure acts 


Winchester-Western Div., Olin Mathieson Chemical Corp. 


8 (left) 


dé vice, 
small end. Tolerance of 
Heated to 
made in 


‘ong is cartridase 


Dynapak process 


Development of Dynapak brings 


high velocity metal parts produc 
formerly requiring use of 
explosives, into the metalworking 
The machine can be 
operated by unskilled 
labor and produces parts at rates 
as high as 120 per hr. 
Although the underlying prin 


tion, 


new 
relatively 


shop 
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Titanium jet engine inlet guides formed by cartridge 
Ten in. long, the guides taper from 5% 


1000 F before forming. a (right) 


actuated 


in. on large end to 3% in. on 


+0.010 in. was maintained and springback minimized. 


Sound suppressor tube 31 im, 


actuated device. 


ciples are not fully understood, it 
is believed that many metals, in- 
cluding the high strength steels, 
exhibit flow when they 
are worked at high velocities. Ex 
plosive forming is being used to 
take advantage of this phenome- 
non, and, as pointed out in pre- 
ceding sections, a number of or- 


plastic 








How the Dynapak Machine Works 


The Dynapak machine (below) 
is essentially a cylinder sepa- 
rated into two chambers by an 
orifice plate. A piston in one 
chamber (right) is connected to 
a thrust column which acts di- 
rectly on the material being 
formed. The other chamber is 
a storage reservoir for high 
pressure gas. A small seal ring 
is placed on the face of the pis- 
ton, contacting the orifice plate. 

In operation, the chamber con- 
taining the piston is pressurized 
at a low value, thus forcing the 
piston against the orifice plate 
and isolating the face from the 
storage chamber except for the 


fice and permitting the high 
pressure gas to push against 
the entire piston face. As a re- 
sult, the greatly un- 
balanced and the piston moves 
to the right with almost ex- 
plosive velocity. The full stroke 
of the occurs in a few 
milliseconds. The high energy 
material 


force is 


piston 
level, applied to the 
being formed, drives the mate- 
rial into the 
forms the part. 
The 
trated by the following example: 
Assume that the piston face has 
and the 
orifice has an area of 1 sq in. 


female die and 


operation can be illus- 


an area of 10 sq in. 


necessary to pressurize the left 
cylinder to 2000 psi; the pres- 
sure on the piston face (left) is 
applied to only 1 sq in. whereas 
that on the right is applied to 
10 sq in. of surface. Now raise 
the pressure in the high pres- 
sure cylinder by 1 psi. The pis- 
ton starts to move and before it 
has moved as much as a thou- 
sandth of an inch, the orifice is 
unsealed and the entire 2001 
psi pressure is applied against 
the piston face (10 sq in.). The 
force operating on the piston 
face is increased to 20,010 lb 
and this force acts against the 
200 lb behind the piston com- 


pletely overbalancing it and 
forcing the piston to move rap 
idly to the right. 


Suppose the cylinder on the 


right is pressurized to 200 psi. 


small piston area within the ring 
Since the available piston 
equilibrium is To balance this 


seal. 
area is small, pressure, it is 
reached only by pressurizing 
the storage chamber to a high 
value. 

With pressures balanced, the 
machine is ready to operate and 
form the part. Upsetting the 
balance triggers the machine. 
This is accomplished by slightly 
pressure in the 
chamber. The 
upsets the 





increasing the 
high 
change in 
equilibrium and the piston starts 
to move toward the right, thus 
removing the seal from the ori 


pressure 
pressure 


Dynapak essentials are shown in cross-sectional view of machine. 


T¢ xt explains how machine works. 











ganizations have achieved good 
results in forming parts by this 
method. However, the method has 
certain disadvantages—primarily 
the potential hazard of handling 
explosives, the low production 
rate, and the fact that tolerances 
apparently are not as 
desirable. 

The Dynapak machine uses a 
gas-powered ram to form the part 
and the operation is under close 
control. The principle of operation 
is discussed in an adjoining box. 
This machine has the following 
advantages: 

1. Low cost. A $3 cylinder of 
nitrogen will operate the machine 


10—Man, 


lower center have 


configurations can be formed by the Dynapak. Two forgings in 


zero draft angle. Extrusion walls can be made thinner. 


Convair 


close as 


for a day. 

2. Rapid production. Cycle time 
ranges from 30 to 60 sec. 
3. The machine can 
high energy levels and velocities 


generate 
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form alloys 


tormed leep contours 


machine has also been 


merely manipulates i used for precision shearing and 


blanking, using a one-piece die 


made Parts have been extruded with 
excellent surfac finish and close 
dimensional tolerances. Web thick 


nesses of 0.01 i: 


W ire 


truded direct 


obtained 


0.020 i 


billet 


‘ 


Materials and application Hot and cold 


mate produced 


Dy Lpak Cal form iow OV OuUsS 
teels s : 340, austenit with zero draft angles and mini 


nd 300 mum radii [The smooth, close 


refractory tolerance Surfaces thi are ro 


ew examples duced often minimize finish ma 
ig requirements 
Fig 10 shows 
produced o the Dy 


nine 


11 —Sch: 


12 


Hydrospark 
forming 


Explosives are not the only 
means of achieving a high defo 
mation rate. In hydrospark form 
ing a spark is discharged in a 
nonconducting liquid medium and 


shoc k 


speed ol 


; 


generates a wave tha 


travels at the sound 
from the spark source to the work 
piece, A schematk diagram ol 
the hydrospark system is shown 
in Fig 11. 
A series of 
minum cylinders is shown in Fig 


bulge-formed alu 


12. Voltages ranged from 7.5 k\v 
te 22.5 kv. Fig 13 shows the work 


applied to each 


function of discharge voltage 


cylinder as a 


According to engineers at Re 
Aviation hydro 


spark forming offers several ad 


public Corp., 


vantages: 
Explosives, with thei 


nazard, are 


be sized into a 
; applications of 
energy impulses. Since the device 
is electrical, components of the 
system do not have to be reposi 
tioned after each shot 


oa A 


based on 


standard machine tool, 


hydrospark forming 
principles, can eventually be con 
structed for about one-tenth the 
cost of a conventional hydraulic 
press and occupy only a fractior 


of the floor space 


8 2 16 
Discherge Voltage, kv 


bulged 


13—Work 


tube hown in F g 12. Republ \ 


on ( 


performed on 
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eparate panel i «a good exan ple of porcelain enamel’ é highly decorative hackground of blael porcela 
ecorat é po } ; a é a? i ¢ er ¢ panded etal 


Properties of Porcelain Enamels 


Porcelain enamels can be formulated in hundreds of 


different ways to meet the demands of a wide range 


by William E. Pierce, ‘ 
r, Product Engineering, oT applications. He re isa compre he nmsive Sure Y of 
Enamel Institute 


the important decorative and functions? prope rties 


you can obtain with this durable finish. 


1. Appearance properties 


Hiding Power Light Reflectance 
Varies with enamel thickness and compositio! \ measure of “whiteness.”” It is measured as the 

t 
Best hiding power is exhibited by super-opaque, tit iminous daylight 45°-0° directional reflectance \ 
um-bearing enamels which provide satisfactory porcelain enamel is usually required to have reflec 


appearance at thicknesses as low as 3 mils tance of at least 65% to be considered white. and 
Some coatings may be deliberately designed to most white enamels have a reflectance of 

have poor hiding power, as in the case of clear frits 75%. White porcelain enamels for light 

ised in colored enamels which are applied over isually have a total reflectance of at least 


il 


white undercoat for decorative effect. 
Texture 


Gloss A wide variety of textures have been made avail 

A measure of specular reflectance. Although com ible in recent years. Ordinarily, porcelain enamel 
monly referred to by terms such as shine or luster, as a smooth, fire-polished surface with slight wavi 
gloss can be scientifically scaled in tests like the 45 ness. However, texture can be varied to suit different 
15° specular gloss test. On this scale a polished black ippearance and functional uses. For example, a 
enamel has a value of about 55, and most glossy pebbly surface that breaks up a reflected image can 
enamels on sheet iron will fall in the range of 5 e obtained for architectural applications. Similarly, 
60. However, values can range from as low as ! a smooth, gritty surface can be produced for chalk 


namels up to 8&5 for some lead-be: ng boards that will take chalk evenly and erase easily 


I 
Also, interesting textural effects can be produced by 


some m: é 


enamels. 
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applying porcelain enamels to embossed or rigidized 


metal. 


Color 

A wide color selection has been developed in recent 
White and pastels are the colors most fre 
Uniformity of all colors can 


years 
quently specified today. 
be controlled closely, but slight variation in a few 
colors, such as the purples and scarlets, is to be 


expected 


Color Permanence 
One of the 
Since the pigments used consist primarily 


outstanding features of porcelain 


enamels 
of inorganic compounds, they are extremely stable 
after aging, and in the presence of ultraviolet and 
infrared radiation, heat oxidizing agents and corro 


sive fumes. Color permanence of porcelain enamels 


is attested by their use as physical color standards 
for the printing ink, paint, plastics and textile indus- 


tries. 


Cleanability 

Depends on surface texture. A 
enamel is easier to clean and affords less opportunity 
for dirt attachment than a rough enamel. No matter 
what the texture, the hardness and abrasion resist- 
ance of porcelain enamel permits the use of cleaning 
methods that might damage other coatings. 

In addition to resisting most common agents, 
porcelain enamels are also highly resistant to radio- 
logical and biological contamination. Surface con- 
tamination can be removed quickly and easily by 
simple washing. Also, surfaces resist most common 
germicidal solutions and can be sterilized with live 


smooth, glossy 


steam without damage. 


2. Mechanical and physical properties 


Adhesion 

Good adhesion is produced by reaction and fusion 
of the enamel with the base metal at high tempera 
tures. The bond has many characteristics of a true 
chemical bond, although its exact nature and mechan- 
ics of formation are not completely understood. Since 
moisture or rust cannot penetrate beneath the coat- 
ing, it will not flake away from exposed edges or 


damaged areas. 


Hardness 
composition, hardness ranges from 


Depending on 


to 6 on the Mohs scale, with most enamels for 


sheet iron falling in the range of 4 to 5! 
from 150 to 


Compar 
range 


500; average value on the Sward scale is 100. As a 


able values on the Knoop scale 


rough approximation, typical enamels on sheet iron 
have about the same hardness as plate glass or the 
edge of a knife blade. 


Conveyor 
screw (right) 
porcelain 
nameled to pro- 
de high abra- 


mm resistance. 


Abrasion and Wear Resistance 

Excellent resistance to abrasion and wear because 
of their high hardness and good lubricity. In general, 
abrasion resistance of enamels is about the same as 
that of plate glass. Enamels frequently provide 
better wear and abrasion resistance than metals. 
This is attested by their use on bunker and silo dis- 
charge chutes, coal chutes, water lubricated bearings, 
surfaces and chalkboards. 


screw conveyors, work 


Lubricity 

Glossy enamels have high lubricity or slipperiness, 
particularly when wet. Lubricity of porcelain enam 
els is particularly important in low friction applica- 
tions, such as water-lubricated bearings where the 
enamel mates with rubber, and in promoting the flow 
of coal and other materials in chutes kept at a low 
angle of inclination. If desired, enamels can be spe 
cially formulated to havea high coefficient of friction. 
Such enamels are used on nonskid stairs for ships, 
shower stall bases and bathtub bottoms. 


Impact Resistance 

Like glass, porcelain enamel] will fracture when 
abused. It is difficult to predict the impact resistance 
of an enamel, since it depends as much or more on 
the design of the part as on the properties of the 
enamel. However, an enamel can be surprisingly 
strong and flexible if used on a properly designed 
part. As a general rule, porcelain enamel will not 
fracture due to impact 
permanently deformed. Because of its high compres 
sive strength the enamel is rarely crushed at the 


unless the base metal is 


point of impact. 


Flexibility 
Usually considered to be brittle and to have little 
flexibility. This impression probably stems from the 





fact that heavy coatings applied to thick metal 
articles (such as bathtubs) tend to fracture when 
lightly bent. 

However, thin enamels have very good flexibility 
and adhesion when applied to thin metals. For 
example, a 10-mil commercial sheet protected with 
two coats of porcelain enamel 5 mils thick is so flex 
ible that it can be shipped in 12-in. dia coils without 
damage. In addition, experimental enamels applied 
at a thickness of 1.5 mils to steel sheet 4 mils thick 
have been deformed to a radius of 1.5 in. without 


damage. 


Stiffening 

Because of its low ductility and intimate bond, 
porcelain metal flexural 
strength. Thus, the enamel’s stiffening effect can be 
used advantageously to reduce metal thickness in 
certain applications. Flexural strength of a flat 
enameled sheet is equal to that of an unenameled 
sheet of total thickness equal to the thickness of the 
steel base plus half the thickness of the porcelain 
enamel. The stiffening effect is more pronounced on 
lighter gages than on heavier gages of metal. Also, 
for metal coated on one side only, the effect is greater 


enamel increases’ base 


when the enamel is on the compression side of the 
beam. 


Thickness 

Can be applied in a wide range of thicknesses 
from 1 mil or less to ¥g in. or more. Optimum thick 
ness depends on composition of the enamel and bas¢ 
metal, and on expected service conditions. In general, 
thinner coatings are more flexible and have greater 
resistance to fracture. Thicker coatings have better 
electrical properties and withstand abrasion and 
chemical attack for longer periods before penetration 
of the coating occurs. 

Porcelain enamels usually consist of 
ground coat 2 to 5 mils thick, and one or more cover 
coats, each 2 to 20 mils thick. Normally, a white 
cover coat should be at least 3 mils thick to produce 
satisfactory appearance and hide light scratches in 
Certain colors and textural effects can 


a base or 


the metal 


3. Resistance to corrosion 


Acid Resistance 

Varies widely depending on composition and, 
some extent, the processing used. Special enamels 
can be formulated to resist almost any acid except 
hydrofluoric. the highest degree of acid 
resistance is obtained only by sacrificing other desir- 
able properties. Actually, degree of attack by an 
acid solution appears to depend less on type of solu 
tion than on its pH. 


to 


Howey er, 


Alkali Resistance 
Practically all porcelain enamels are unaffected by 


only be obtained with relatively thick coatings. How- 
ever, purely functional coatings, such as high tem- 
perature protective coatings, are usually applied 
quite thin—as thin as 1 mil or less. 

Thicknesses over 25 mils are not generally recom- 
mended for sheet metal parts because of warpage 
problems. Normally, heavy coatings are used on cast 
iron or steel plate whose rigidity resists deformation 
and reduces the danger of fracture. Such coatings 
are desirable to hide rough spots on the metal and 
to provide longer life. 

Enamels for aluminum sheet are usually applied 
at a minimum thickness of 3 mils. However, thick- 
nesses of 7 to 10 mils may be required for a speci- 
fied appearance. 


Thermal Expansion 

Coefficient of thermal expansion is largely deter- 
mined by chemical composition. Enamels can be 
formulated to meet most end uses and expansion 
coefficients can be varied from about 2.8 to 16 x 10~ 
per deg F. 

Being glass-like, porcelain enamel is much stronger 
in compression than in tension. Hence it is desirable 
to have the coefficient of expansion of the enamel 
lower than that of the base metal so that in cooling 
the enamel will be in compression, not tension. The 
amount of compressive stress allowed to develop 
must be controlled carefully; if it becomes too high 
fracture can occur at sharp radii. 

Excessive compressive stress can increase warpage 
tendencies, particularly with thin metal coated on 
one side only, or having unequal enamel thicknesses 
on the two sides. Thus, residual compressive stresses 
should be low in such parts as appliance and archi- 
tectural panels. On the other hand, enamel residual 
stresses should be kept high on parts subject to fail- 
ure by thermal shock or bending. 


Thermal Conductivity 

Thermal conductivity values are reportedly in the 
range of 6 to 9 Btu/hr/sq ft/°F/in. Normally, porce- 
lain enamels are applied so thin that there is only a 
very small temperature gradient through them. 


Chemical and food processing equipment (below) 
are frequently coated with glass-like porcelain enamel to 


reduce contamination and improve corrosion resistance. 
Pfaudler Co. 
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The ability of porcelain enamels and cerami 
prevent oxidation is largely due to the 
themselves are fully oxidized 





do not undergo further oxidation at elevated tem 
Also, they form an effective barrier to 
oxygen. The protective ability of a 


peratures. 

diffusion of 
porcelain ename! depends on the temperature a 
which it starts to deteriorate (i.e., about 400 °F 
below firing temperature). However, special ceramic 
coatings may be effective above the firing tempera 
ture and can protect metals from oxidation above 
2000 F. 

Porcelain enamels and ceramic coatings also resist 
the high temperature corrosive action of such media 
as sulfur dioxide and trioxide, lead bromide, and 
vanadium oxide, and prevent carbon gases from re 
acting with base metals. Their smoothness and hard 
ness are also effective in reducing corrosion and ero 


sion rates at high temperatures. 


Thermal Stability 

A measure of ability to withstand intermittent or 
prolonged heat without changing physical, chemical 
or appearance properties. The maximum tempera 
ture to which an enamel can be heated for extended 
periods is related to its firing temperature. In gen 
eral, no damage will occur if it is heated to about 
100 F 


firing temperatures vary 


below its firing temperature. Since usual 
from 900 to 1700 F, the 
highest temperature at which an enamel can be sub 
jected to prolonged heating varies from 500 to 1200 F 


or higher. 


Thermal Shock Resistance 

Thermal shock failure of a porcelain enamel is 
caused by rapid chilling of the surface. It manifests 
itself in a crack and occurs when the thermal grad 
ient perpendicular to the surface is large enough to 


cause excessive shrinkage and tensile stress. 


5. Electrical properties 


Dielectric Strength 
Because of surface variations and bubbles that are 
porcelain enamel will vary from 


usually present, 


point to point. Thus, dielectric strength of ordinary 
enamels will range from about 250 to over 1400 \ 
per mil. However, bubble-free coatings can be pro 


duced which have uniformly high voltage breakdown 


Volume Resistivity 
Varies from 19* to 10" 
ture. Volume resistivity will decrease markedly with 


ohm-cm at room tempera 


an increase in temperature. In fact, porcelain enamel 
actually becomes a fairly good electrical conductor at 
and above the firing temperature. 


Dielectric Constant 

At 500 cps and room temperature it is in the range 
of 6 to 12. A sharp increase in values can be expected 
at temperatures above 250 to 300 F. 


The two most important considerations are the 
enamel’s thickness and its coefficient of thermal ex- 
pansion—the latter as an indicator of thermal stress. 
It has been stated that thermal shock resistance of a 
porcelain enamel varies inversely as the cube of the 
thickness. Other things being equal, best thermal 
shock resistance is obtained with thin coatings—on 
the order of 5 mils or less. A high compressive stress 
in the enamel, produced by a low coefficient of thermal 
expansion, is also desirable. 

Thermal shock resistance is also affected by the 
design and thickness of the part. 
metal due to localized thermal gradients parallel to 


Flexing of the 


the surface can produce bending stresses in the coat 
ing. Thus, any increase in the strength or rigidity 
of a part helps increase the enamel’s resistance to 
thermal shock. 
Emissivity 

Porcelain enamels have high total emittance at 
high temperatures. Typical values are on the order 
of 0.95 at room temperature, falling to about 0.65 at 
1500 F. 
effect on total emittance at room temperature, but 
will have an effect at high temperatures. White 
enamels, for example, generally have lower emittance 


The color of an enamel has practically no 


than black enamels or ground coats at high tempera- 
tures. 

A typical white porcelain enamel has low spectral 
emittance at short wavelengths of about 0.2 to 0.5 #. 
Spectral emittance increases as wavelength increases 
to about 5 #, and remains high at all longer wave- 
lengths. Values as high as 0.95 may be obtained at 
some wavelengths. A black enamel has appreciably 
higher spectral emittance than a white enamel at 
short wavelengths; they are about the same at wave- 


} 


lengths longer than about 5 z. 


Dissipation Factor 
At 400 cps and room temperature it is about 1 or 
Much higher values occur at temperatures above 


about 200 F. 


llustrates good 


Coated copper coil of induction heate 
electrical insulation provided by porce lain enamel. 
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Air conditioner control knobs—Clarity, heat resistance, 
iveness were the reasons cited by Lone Star Plastics for selection of 


attrac 


he copolymer for 


Washer dial face—h« 
placing high heat, general 
purpose polyst srene, the 
copolymer material pro 
vides additional toughne 38 
and reduces residual 
rac in the finished dial 
according to G. E. 
The dial is 
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St. Charles Mfg. Co 
Tracks for sliding doors—Repro 
ducible 


accurate dimensions caused selection 


quality, fast assembly and 
of the copolymer for tracks for 
sliding glass doors on St. Charles 
Ufg.’s Midway kitchen unit. Ex 
truded by Perflex Plastics, the track 
also offer quiet operation, and excel 
lent abrasion resistance according to 
St. Charles’ 


test against glass. 


200,000 cucle abrasion 


Low Cost, Transparent Plastic 


Styrene-Acrylic Copolymer Has Good Weatherability 


@ In the past year a new copoly 
mer of styrene and methyl methac- 
rylate has been tapping the mar 
ket for a lower cost molded acry 
lic (polymethyl methacrylate). In 
where its superior 


some Cases, 


performance justifies increased 
cost, it has replaced G.P. (gen 
eral purpose) polystyrene. But 


selling at more than twice the 
cost of polystyrene, such occasions 
should be rare 


From the engineered applica 


tions that have developed, as well 
as those under serious evaluation 
Dow Chemical Co. feels that the 
future of its new material, called 
Zerlon, is assured. 
Priced at 49¢ per lb 
tially higher than the 21.5¢ poly- 
styrenes, but lower than the 55¢ 


substan- 


the copolymer has cry- 
stal clarity. Light and weather 
stability are substantially better 
than that of polystyrene, and ap- 


acrylics 


proach that of acrylics. Heat re- 
sistance is superior to both. 
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DESIGN 


The importance of cost varies 
Actually, 
differential in cost on a volume 


with the application 


basis may not appear large. For 
example, the new copolymer costs 
compared with 
polymethy! 


2.1¢ per cu in., 
2.4¢ per cu in. for 
methacrylate. But at these costs 
a cubic foot of the coplymer costs 
$36.28, while a cubic foot of acry 
lic costs $41.47. In large volume 
production such a difference can 
be critical. 
Light and weather resistance 
Materials costs must be consid 
ered in relation to performance 
of the part in service. Evaluating 
such properties as light and 
weather resistance and predicting 
performance on the basis of this 
evaluation is difficult at best. But 
recently developed data do indic 
ate the relative stability of the 
copolymer material. In all the 
tests made, the copolymer mate- 
rial falls between polystyrene and 
acrylic in light and weather re- 
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sistance, but much closer to that 
of acrylics 

In determining light and wea 
ther resistance, changes in color, 
light transmission and mechanical 
properties are pertinent. Fig 1 
shows the effect of 1000 hr Fadeo 
meter exposure on yellowness fac 
tor of the new material, compared 
with that of G. P. and light-sta 
bilized polystyrene and_ poly 
methyl methacrylate. Zerlon yel 
lows slightly more than the acry 
lic, and is roughly comparable to 
the light-stabilized polystyrene up 
to about 750 hr exposure, after 
which yellowness factor of the 
stabilized polystyrene 
relatively rapidly. Fig 2 shows 
percentage change in 


increases 


luminous 
copolymer 
after 2 years of Florida exposure 


transmission of the 


Fig 3 shows effect of two-year 
outdoor exposure in Florida on 
tensile strength, elongation and 
impact strength of the new copoly- 


mer material. Tensile strength 
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1—F adeometer ¢ xposure (upper left) and polymethyl methaci jlate 2 polyme thyl methacrylate (lower left). 
compares yellowness factor (Tu— Effect of 2-year exposure in Florida 3—E ffect of 2-year Florida exposure 
To X 100) of new copolymer with on light transmission of copolymer on tensile strength, elongation and 


G. P. and light-stabilized polystyrene compared with G. P. polystyrene and impact strength (right). 


and elongation, though initially TYPICAL COMPARATIVE PROPERTIES OF STYRENE-ACRYLIC COPOLYMER: 





slightly higher than those of 
acrylic and general purpose poly- General Purpose | Copolymer Polymethy!- 
styrene, decrease until they are Polystyrene (Zerion) methacrylate 
comparable. Impact strength in- specific Gravity 1.05-1.07 1.14 1.18-1.19 
creases initially, though not as Luminous Transmission, % 88-90 >91 ~92 
much as that of general purpose Shrinkage, in. /in 0.002-0.006 0.002-0.006 0.002-0.007 
Heat Distortion Temp (264 psi), f 175-190 205 166-202 
2 Rockwell Hardness M68-80 M78 M80-103 
approximately that of acrylic Tensile Strength, 1000 psi 
after two years exposure. Injection Molded ] 8.10.5 
Other properties Extruded Sheet 

The accompanying table com- MD . 1.5 
CMD 5.9 ! 1.8 
; Elongation, % 
new copolymer material with Injection Molded 
those of polystyrene and _ poly- Extruded Sheet 
methyl methacrylate both in in- MD 
jection molded form and as ex- CMD 

Flexural Strength, 1000 psi 

truded sheet. Injection Molded 

For the types of applications Extruded Sheet 
for which the material seems best MD 
suited, probably the most signifi- CMD 
ih Gian ine i in izod Impact Str, ft-Ib/in. notch 
cant differences s town in iT: injection Molded 0.4 
table are 1) heat distortion tem- Extruded Sheet 
perature, which is higher than MD 0.3 0.3 0. 
both general purpose polystyrene CMD ) 0.3 0. 
and polymethy] methacrylate, 2) *All data from Dow Chemical Co.; properties for polymethyl methacrylate from published data. 





polystyrene, then decreases to 


pares physical properties of the 








luminous transmission, which is 

higher than that of general pur- limited. The material is reported ter; good resistance to detergents 

pose polystyrene, and 3) the mar- to have excellent resistance to and bleaches, and orange juice; 

ginal improvement in mechanical 30% sulfuric acid, saturated solu- only fair resistance to gasoline, 

strengths over polystyrene. tion of sodium hydroxide, diethy- and poor resistance to concen- 
Chemical resistance data are lene glycol, mineral oils, and but- trated sulfuric acid and alcohols. 
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pellant rocket engine 


An Up-To-Date Report on 
Molybdenum Metal 


, 


by J. Z. Briggs and R. R. Freeman, C/ 





; 


Marquardt Corp. 
Testing a rocket engine at white hot temperatures. Molybdenum is used for nozzle, 7 vator, and other parts 
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heated to approximately 700 F in 
air, on a gas or electric hot plate, 
without excessive oxidation (if 
the heating time is not too long ). 
Infrared oxyacetylene 
torches can also be used for thin- 


lamps or 


ner sections. Temperature cray- 
ons should be used with these 
heating methods. Heating molyb 
denum sheet in oil is preferred 
for deep drawing applications. 

Over 700 F—A controlled at 
mosphere furnace, salt bath or 
induction heating should be used. 
The controlled 
consist of a vacuum, Inert gas, 


atmosphere may 


or a slightly reducing mixture of 


Cracked ammonia should 
used since the nitrogen 


vases 


in the ammonia will diffuse into 
the molybdenum and affect form 
ability. To prevent the molybde 
num from coming in contact with 
scale on the furnace bot 
a stainless steel hearth 
should be used 
Molybdenum 
iture four times faster than car 
bon steel. No holding at temper 
small 


reaches temper 


ature is necessary with 


S1Zes 
Forging 
hammer and 


Swaging, press 


forging are performed conven 
tionally. Molybdenum exhibits flow 
tendencies similar to those of 
teel, although much higher im 
act velocities are required before 
plastic flow begins. Once the forg 
ng operation is begun, it should 
be continued until the operation 
is completed. Fig 1 on next page 
shows forged molybdenum parts 
intended for service in a highly 
orrosive environment 


Choose dis It 1S 
difficult to make molybdenum forg 


care fully 


ings on flat dies both because of 
the slippery oxide formed on the 
metal and because of its tendency 
to “go diamond” (assume a dia 
mond shape that is difficult to 
bring back to the desired round, 
form) 


square or rectangular 


These problems are reduced by 
using shaped dies or forging in 
in inert atmosphere. 


Most 
conducted 


Té mperatures, reduct ons 
forging operations are 
from maximum temperatures ol 


2150 to 2350 F down to a mini 





Mechanical Properties—Here Are Some of the 
Newest Data on Unalloyed Molybdenum. 
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COMPARISON OF COATINGS 





perating Temp, f 


Continuous Oxidation Life, Hr* 


2600 2800 3000 3200 





Electroplated Cr-Ni 

(1 mil Cr, 7 mils Ni) 
Metallized Al-Cr-Si 

(5-10 mils) 
Metallized Ni-Cr-B (5-10 mils) 
Metallized Ni-Si-B (5-10 mils) 
Metallized LM-5 (5 mils) 
Vapor Deposited MoSi 

(1-3 mils) 


Vapor Deposited Chromalloy W-2 
(i mils) 

Ylad Ni-Base (3 mi 

ZrO. Frit (10 mils) 

Cr Frit (10 mils) 





> 500 
> 500 
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Source: Bartlett, Ogden and Jaffee, “Coatings Fo 


*May include occasional cycling for examination 
‘Within part-design limitations for proces 


temperature of 1700 F. 

Optimum properties are obtained 
by controlling forging and reheat- 
ing temperatures to provide at 
least 50% reduction in the warm 
working range As each successive 
forging operation is completed, 
heating temperatures must be 
lowered (since increasing amounts 
of warm work lower the recrystal- 
lization temperature). Reductions 
of as much as 90% have been 
made without difficulty. When 
larger reductions are made in the 
lower temperature range, inter 
mediate recrystallization treat 
ments may be necessary. 

Large or complex forgings that 
have received considerable work 
should be stress relieved in the 
temperature range 1600-1800 F 


as soon as possible after forging 


Spinning 

Spinning and power roll form- 
ing are satisfactory means of pro 
ducing molybdenum parts. No 
change in customary procedures 
is needed except for heating the 
stock. Light gages (under 0.020 
ir can be spun and formed at 
room temperature, but it is better 
practice to heat both the work 
and tools. Heavier sheet and plate 
must be heated according to the 
recommendations in Fig 2 (which 
serves as a guide for most molyb 


denum forming operations 
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r Protecting Molybdenum From Oxidation at Elevated Temper: 
>After extensive prediff f Boride modification 


New England Valve Cort 


1—Valve body, bonnet and yoke designed for use in hot sulfuric acid were 


forged from unalloyed, arc cast molybdenum. (Approximately full size.) 


It is usually desirable to supply way of doing this. Cross-rolled 
heat continually during spinning sheet is generally needed to avoid 
or roll forming; oxyacetylene directionality. Two extremes in 
torches are the most convenient spun part size are shown in Fig 3 


Applying molybdenum 


The criteria for choosing be- properties as the unalloyed metal 


tween molybdenum and molybde > If the application depends on 
num-base alloys are these: mechanical properties, use molyb- 
> If the application depends on denum-base alloys for higher 
physical or chemical properties, creep and rupture strengths. The 
unalloyed molybdenum or molyb higher recrystallization temper 
denum-base materials with high atures of the alloys allows the 
tungsten content should be con advantages of work hardening to 
sidered. Low alloy molybdenum be retained at higher service 
base alloys have approximately temperatures. 
the same physical and chemical Many of the industrial applica- 
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ON MOLYBDENUM 





Hot Ductility, or Resistance Temperature 
to Failure During... for 


Strength 


Hot Erosion Resistance Ease of Retention of 


Probable Thermal Shock Resistance 


Reliability . ——— - 


Rating 


Probable 


Stress 


Ballistic 
Induced 


F 


= Self- “ 
Healing, 


Time 
in Alumina 


Probable 


Protecting 
Corners, 
Recesses, etc. 


Molybdenum 
During 
Application 


Cycles* Rating 


Impact« 
Deformations 


Rating 


Blast, min 





Fair 140 Fair 
Good 
Fair 
Fair 
Fair (?) 


Good ~ 500 
Good ~ 200 
Good 

Good (?) 


~ 100 
everal ! 


Excellent Good 


Good 
Fair 

Good 
Good 


Good (7?) 30 
Good 100 
Fair > 10 
Fair > 60 


Fair 
Fair » 2600 
Excellent 
Excellent 
Excellent )00 


2800 


Fair 


Good 
Good 


(Some) 


1800 (?) 


Fair 1800 


Good Good 
Good 
Good 
Good 
Good 


Fair 
Fair 
Fair 
Good (?) 


Good Poor 


Fair 
Good 
Fair 
Poor 


Good 
Fair 
Good (?) 
Good (?) 





*In the room temperature to 400 F and 1600 to 3000 F ranges, usually less thar 
*At ambient temperature 


‘After diffusion treatment 


| 


| 

| 
_— a oe 
0.30 

Sheet Thickness or Bor Diameter, in. 
2—Working temperature of wun 
alloyed molybdenum correlated with 
This plot should 
in shearing, spin- 
F'lo- 


turning (power roll forming), Hy- 


0.10 0.20 


thickness of part. 


serve as a guide 


ning, stamping or punching, 
droforming, bending, stretch form- 
and deep drawing. For sawing 


the 


ng, 
with a handsau a material should 
be warmed according to thickness up 
100 F T he 
not appl 4 to welded sections: 
we lded 
1800-2000 F:; 
2350 F 


to about mar. plot does 
up to 
should be 


1 


1, n., sections 
heated to 


up fo 


= 
above ™%& in., 


tions of molybdenum are listed 


below: 


Electronic and electrical 4ndustries 
Incandescent and fluorescent lamps 
Electronic tubes 
Electric furnaces 
Electrical 
Brushes 
Miniature dry cells 
Miniature electronic transducers 
Transistors and rectifiers 


contacts and electrodes 


for heating or cooling 


Newark Spinning and Stamping Co. 


ee 


3—Two spinnings made by regular lathe spinning. The large spinning 


spun from arc cast sheet, 0.10 x 20 x 


spun from 0.010-in. thick sheet made 


aircraft industrte 3 


rocket Ss 


Missile and 
Missiles 
Jet engines 
Air frames 


and 


Accessories 

Rocket test sleds 
Metalworking industries 

Die 

Hot work tools 

Boring bars, 

grinding quills 
Chill plates and fixtures 


casting dies and cores 


tool shanks and 


20 in. 


The smaller one (circled) 


> by powder metallurgy. 


Resistance welding electrodes 
dies 

Cladding 

Truing grinding wheels 

Molds 

Thermocouples 

Molybdenum-impregnated 
metalworking dies 

energy industry 

Chemical industry 

Glass tndustry 


plast ic 


Nuclear 


Vetallizing industry 
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Naugatuck Chemica! 
Call director (left) produced by Western Electric. 
{ ppearance, cost, toughness, light weight and stain re 


factors. Auto parts (right) fo 


For good-looking parts... « diececcenger Pluk 2006 hedhals « ages dediiannd 


Pump impellers (left) rile , Bar Ufa 
1BS fo f combination of chemica resistance, 
... or Strictly functional parts i tow cont. Cunatas airants Gene fright) « 
nit 0. calis for balance of tougihne 5 ¥ t 
range, corrosior ‘ hance 


characteristics, 


— 
<4 


ys 


J 


ABS Plastics Are Low Cost, Tough, 
Resistant, Moldable 


by Maicolm W. Riley, Associate Editor, Materials in Di 


@® As of January this year West from the modified polystyrenes lb (about 2¢ pet 


Electric specifications for Briefly, the materials provide a than polysty rene, slightly lowe} 


u in highet 


t ill for balanced combination of mechan than cellulose acetate butyrate 


telephone handsets call li 
sti another feather in ical toughness, wide permissible and propionate, substantially 


1f these tough, strong service temperature rans 1) lower than nylon, acetal and poly 
s With the rela to as high as 200 to 230 F), excel carbonate 
t development of heat lent resistance to chemicals and Types available 
nt, high strength grades, weathering, good electrical insu There are two major producers 
a medium impact nylon-like lating properties, and good mold of ABS materials, each supplying 
grade, ABS resins provide the ability. Grades are available fo1 a variety of generally competitive 
them injection molding, extrusion and grades: Marbon Chemical Co., 


rsity required class 
calendering. Topping off thes with Cycolac; U.S. Rubber Co., 


family of in their 
rht—and quite distinct properties is a cost of 50-60¢ per with Kralastic compounds from 
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its Naugatuck Chemical Div., and 
thermoforming sheet 
from its Footwear and General 
Products Div. B. F. Goodrich 
Chemical Co. also produces an 
ABS: Polyblend 89001. 

ABS materials can be generic- 
ally classified into five major types 


Royalite 


as shown in the table on p 110: 
1. Medium hard, 
tough 


empact A 


rigid, material used for 


appearance parts which must have 
good fatigue re- 


high strength, 


sistance, surface hardness and 


gloss 
2 High 


ilar applications, but where addi- 


mpact Used for sim 
tional impact strength is required 
at some sacrifice in rigidity and 


hardness. 


Has high 
est room temperature impact re- 
sistance, with a further decrease 


3. Extra-high impact 


in rigidity, strength and hardness. 

1. Low 
Tailored for high impact strength 
at temperatures down to —40 F; 
and heat re- 


temperature impact 


strength, rigidity 
sistance again suffer 
5. Heat resistant, high strength 
Provides maximum heat resist- 
ance (continuous use temperature 
of about 200 F 


tortion temperature of about 205- 


264 psi heat dis- 


230 F, depending on molding con 
ditions, etc.), with impact strength 
about comparable to that of high 
impact grades, but higher tensile 
and flexural modulus 
and hardness. 


strengths, 


How ABS materials compare 


With the variability 


of plastics 


inherent 
materials, and the 
limited amount of practical de- 
sign information available, one of 
the most useful ways of initially 
evaluating a plastic is to compare 
it with other plastics. In so doing, 
remember that the comparisons 
given here are based on standard 
ASTM test results, and that such 
comparisons should only be used 
for initial screening. 

The plastics materials most 
competitive with ABS resins can 
be conveniently grouped into two 
classifications : 

1. Comparable or superior per- 
formance. 
als that ABS resins most closely 


These are the materi- 
resemble in properties and per- 
formance, but which may be sub 
stantially higher in cost. 


) 


2. Comparable or lower cost. 


These are the materials that are 
similar or lower in cost than ABS, 
but have certain properties ap 
proaching those of ABS. 

The importance of cost varies 
In some cases, cost is relatively 
unimportant compared with per- 
formance; in others, cost is pri- 
mary and performance can be 
compromised. The table on the 
next page groups three materials 
competitive in performance and 
two materials competitive in cost. 
(For more comparisons see “Im- 


pact Thermoplastics: Which One 


to Use,” M/DE, Nov ’59, p 
Performance comparison 

On a strictly performance basis, 
the materials most competitive 
with ABS 
acetal (Du Pont’s Delrin), nylon, 


GE’s Lexan). 


resins are probably 
and polycarbonate 
In the following discussions, re 
member that comparisons are 
made between the other materials 
ABS—in 

impact 


and specific types of 


most cases the medium 
The comparisons may not 


ABS. 


On a performance basis, 


grade. 
be valid for all grades of 

Acetal 
acetal is 
most competitive with ABS res 
with the me- 


probably the material 
ins, but primarily 
dium Compared 
with this grade of ABS, 
has comparable impact strength 


impact grades 


acetal 


better at lower temperatures. It is 
slightly stronger, harder, and has 
roughly comparable rigidity. 
Available long-term data indi- 
cate that 
medium impact 
to that of 
acetal’s apparent modulus (which 
takes into 
with time) falls off more rapidly 
with long-term loading than does 
that of medium impact ABS. 
Acetal has 
fatigue strength. 
ABS materials are unavailable 
The history of use of ABS mate- 
rials in such applications as lug- 


creep 


acetal. Consequently, 


account deformation 


exceptionally high 


Fatigue data on 


resistance of 
ABS is superior 


heels indicates 


of ABS have 


and shoe 
types 


gage 
that some 
good fatigue life. 

At temperatures up to about 
200 F, flexural modulus of me- 


dium impact ABS is superior to 
that of acetal. Above 200 F, where 
medium impact ABS’s modulus is 


negligible, acetal is superior (at 
300 F acetal still has a modulus 
of about 50,000 psi). 

Grades of ABS other than me- 
dium impact have much higher 
impact strengths than acetal, but 
substantially lower strength, ri- 
gidity and hardness. With the ex- 
ception of heat ABS, 
other grades also have lower heat 


resistant 


resistance. 
Materials cost of acetal is over 
ABS; acetal costs 


about 4.5¢ per cu in. (based on a 


twice that of 


recently announced volume price 
ABS costs about 


based on a cost of 


ot B&Re per Ib): 
2¢ per cu in., 
50-60¢ per lb (price differs with 
grade) 

Nylon 
acetal on a volume basis, nylon 
most di 


Comparable in cost with 


compared 
rectly with the medium impact 
grade of ABS. One difference to 
be pointed out immediately is the 
ABS 
materials, compared with nylon’s 
sensitivity 


also can be 


low moisture absorption of 
well-known moisture 
Although many data are available 
for nylon, making it possible to 
design around this characteristic, 
it is necessary to make allowances 
dimensions 
changes in 


for changes in both 
and properties with 
moisture content. For comparison 
purposes here, a type 6/6 nylon 
(Zytel 101) is Properties 
given are for equilibrium mois- 


ture content in air (2.5% 


used. 


Compared with medium impact 
ABS, nylon has comparable im- 
pact and tensile yield strengths, 
substantially 
modulus and 


and elongation is 
higher. Flexural 


hardness are lower. Creep is 
consequently 
modulus falls off 


than for medium impact ABS. 


higher; apparent 


more rapidly 

Since nylon is a crystalline ma- 
terial, its heat resistance is more 
sensitive to magnitude of stress 
than is the case with amorphous 


materials such as ABS. However, 
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COMPARISON OF AEBS RESINS 





Low 
Type of High Extra High Temperature Heat 
ABS Resin » Impact Impact Impact® Resistant ! 





AL PROPERTIES ASTM 


t Str. ft-lb/in. notch* 


gth, 1UUU psi 
Itimate Elongation 
ensile Yield Strength, 1000 ps 
ensile Modulus of Elasticity, 10° psi 
Flexural Strength, 1000 psi 
Flexural Modulus of Elasticity 2.2-é 
Compressive Strength, 1000 ps 5.9-6.4 
Rockwell Hardness 185 11 2-105 R80-96 


Deformation Under Load (122 f 


U 
T 


PHYSICAL PROPERTIE 
specific Gravity 


Mean Density, Ib/cu in 


Heat Distortion Temy 
66 Psi 
264 Ps 
Water Absc rption ¢ 4 hr) 
Coef of Ther Exp, 10° per 
Ther Cond, Btu/hr/saq ft 
Flammability ( )5( 
ELECTRICAL PROPERTIES 
Dielec Str (short time), v/mil 
Volume Resistivity, ohm-cm 
Dielectric Constant 
60 Cops 
10° Cops 
10° Cops 


Dissipation Factor 





s per Cu In ) 


ents per Lt 50-60 





pecimens For ABS alues cove ange obtained on General range btainable in Kralastic MM 
and yield strengths given for ABS both injection and compression molded speci- ‘General range obtainable in Kralastic F and 
» same, since ultimate failure « mens. Highest values are generally for MH, and Cycolac T 
tress lower than yield point; see compression molded specimens, since mold- tGeneral range obtainable in Kralastic B and 
rain curves ng procedure produces a degree of anneal- MV, and Cycolac H and L 
AB alues are for natura ec r g; values may be |! ) °F lower ‘General range obtainable in Kralastic L and 
ed compounds will vary depending on J, and Cycolac LT 


pigment used 


under low stress conditions nylon negligible modulus, while nylon of its electrical insulating charac 
usable at substantially higher has a modulus of about 50,000 psi teristics. 

temperatures than ABS; con- Grades of ABS other than Polycarbonate—The most ex 
versely, at higher stresses, its medium impact types have much pensive of the materials shown 
heat resistance is lower than that higher impact strengths than (4.7-6.5¢ per cu in. based on an 
of medium impact ABS. In gen nylon, are generally lower in ten ticipated commercial price of 
eral, nylon has a higher degree sile strength, and are higher in $1.10-$1.50 per Ib; 11¢ per cu in 
of heat resistance than ABS. For flexural modulus. based on semi-commercia] intro 
example, although flexural modu Other important attributes of ductory price), polycarbonates are 
lus of medium impact ABS is nylon are its lower frictional and premium materials with premium 
superior to that of nylon at tem wear qualities, and its self properties. 

peratures up to about 200 F, at extinguishing characteristics which Polycarbonates have substan 
250 F medium impact ABS has a permit wider and more direct us¢ tially higher impact strengths 
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WITH OTHER MATERIALS 





Acetal : 


Modified Polystyrene 


Polycarbonate” 


Extra High 
Impact 


Medium to 
High Impact 





0 5 
8.6-11.2 
200-300 
8.5-9.0 

2.1 
No break 

1.8 
R108 

1.4 


283-293 
280-290 
0.35 08 0.05-0.20 


Self-ext 


0.3-1.3 

3.0-4.5 

30-40 

3.0-4.5 2.5-2.8 
No break No break 
3-5 2.5-3.0 


M1 5-80 


J 1,04-1.08 1.05 
0.043 0.03 


0.038 


182-185 
155-180 
4.2-5.6 
0.3-0.9 


0 iF 2.0 


300-650 


2.1 x 10° 


0.009 


0.010 


0.003-0.14 

0.003-0.16 

0.003-0.16 
é 


4.0 4.7-6.5 


4.5 
RR 98 


100-150 5-4 





General range obtainable in Kralastic HTHT 
and Cycolac C 

Du Pont’s Delrin 

‘Values are for type 6/6 nylon (e.g., Zytel 


101) at equilibrium moisture in air (2.5%), 


except where noted 


than any ABS though 
low temperature impact grades 
of ABS have superior impact 
strengths at —40 F. Polycarbo- 
nates have higher strengths and 
substantially higher heat resist- 
ance. Modulus of medium impact 
ABS is higher than that of poly- 
carbonate; 1000-hr creep data also 
indicate slightly better creep re- 
sistance at room temperature in 
the medium impact ABS, but in- 
ferior high temperature creep 


grade, 


'Value is for dry 0.3% moisture) speci- 
mens 

™General Electric's Lexan 
Co.’s Merlon. 

At 158 I 

*At introductory price of $2.50, 
cost would be 11¢ per « in 


Mobay Products 


volumetric 


resistance. Extrapolations beyond 
1000-hr life are not available for 
polycarbonates. 

Like nylon, polycarbonates are 
self-extinguishing, permitting wid- 
er use of their somewhat superior 
electrical insulating properties. 
Cost comparison 

The materials 
compared with ABS on a 
basis are probably the modified 
high impact polystyrenes (1-1.5¢ 
per cu in.). Impact strength of 


most commonly 
cost 


Naugatuck Chemical 
ABS and nylon are combined in 
this Lambert Lawnsweeper to pro- 
durable 
Wheel and integral gear are 
tion molded of ABS in one 
smaller drive 


vide a drive me chanism, 
injec 
piece ; 


gear is nylon. 


modified polystyrenes can be as 
high as that of ABS. However, 
when impact strength is increased, 
rigidity, strength and 
hardness decrease to a much 
greater degree ABS. 
Also, resistance to heat, weather, 


tensile 


than with 
chemicals and staining of modi- 
fied polystyrenes is substantially 
lower than that available in ABS 
materials. 

Other materials that might be 
considered comparable on a cost 
basis are certain grades of cellu 
lose acetate butyrate and propio- 
nate, and modified (high impact) 
acrylic. 

Competitive grades of butyrate 
and propionate cost slightly more 
ABS materials 
Although grades of buty- 
rate and propionate are available 
better impact 
grades of 


than (2.6-3¢ per 


cu in.). 


good or 
strength than 
ABS, these grades are less rigid, 
have heat 
are not as hard. 

The major advantage of 
rate and propionate in comparison 
with ABS materials is the depth 
and richness of colors obtainable. 

The modified acrylic (Implex, 
costing about 2.5¢ per cu in.) is 
somewhat competitive with ABS 
for certain applications, such as 
women’s shoe heels. The material 
has an impact strength of about 
2 ft-lb per in. notch, has a rela- 


with as 
some 
lower 


resistance, and 


buty- 
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lexXural 


SOO 000 


Properties 
of ABS 
in more detail 


Fig 1 


il stress 


shows initial pot 


strain curve 


Yield strengt 


higher thar 


materials 
iways 
ngth; consequently 
gth” values give! 

indicate Stree 

iat altho 


considerably, 


tually 
igh yield 
varies 
vield remains relatively 
at about 4.5-5 
there 


be seen, seems to 


ortional limit at about 


in Between 3.5 and 
ield, deformation i} 
both plastic and elas 
predominantly elastic 
ABS materials, as with most 
thermoplastics, data on 


time and environments 


complete enough to wal 
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volume applicat 


ils. But 


160 F 


beyond the 1000-1 


3 shows maximum cor 


Stress and correspondall 


for 10,000-hr lif 
temperature 

1 shows 
mpact ABS 


othe 


medium 
ot several 
(Apparent modulus 


to deform 


thus 


ot stress 


a given time, 
cree} de 


long-term loading 


consideration 


under 


Heat resistance 
Compared 


othe. 


ABS materials 


with 
plastics 
heat resistance grades 
able 
peratures of 
the 


specific maximum te 


for continuous 


us¢ 


case with al 
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} 


I 


at 
taking 


formation 


10on 


int 
inte 


thermo 


Ve 


] 


yood 


which a 
depend on the stresses imposed 
the 
molded in 
the ' 
degree ot 
tion that can be 
ABS and other amorphous poly 
flat tem 


stress curve, heat res 


both external 
length 


exposure, 


part 
the of ser’ 


type yf and ne 


distortion or de grada 


tolerated 


mers have a relatively 


perature 
stress depe ndent 


being less 


the 


such as nylon, 


ance 
than in 
acetal, polyethylene 
and polypropy lene. This difference 
Fig 6 


is shown graphically in 


which compares load vs 


ture for an ABS resin, with nylor 


tempera 


and polyethylene. 
effect of 


Fig 6 compares tem 


crystalline materials 


) 








1500 psi 





Acefa/ 
(1500 psi) 


Apparent Modulus, 1000 p 


frum 


vith apparer 


Medium impact 
8s 


perature on flexural modulus of 
medium ABS, 


nd acetal. The ABS material has 


impact nylon, 
i modulus of about 200,000 psi at 
the 185 F maximum recommended 
service temperature for this grade 
Electrical properties 

The table 
yood electrical insulating proper 
ABS 


make them suitable for secondary 


shows the relatively 


materials, which 


ties ot 
insulating applications such as 


conduits and low voltage circuit 


bases Flammability, however, 
which is similar to that of poly 
material 


styrene, precludes the 


from use as primary insulation 
Effects of chemicals 
and weather 

In general ABS materials have 
excellent resistance to a wide 
range of chemicals, and, compared 
with other thermoplastics, good 
resistance to weathering. 


Chemicals—If a part is to be 


impact ABS (Kral 


Medium impact 
ABS 


Polycarbonate 
(3260 psi) 


Nylon 
(2.5 % moisture; 3000 psi) | 


} — 
100 OC 10,000 
Time, hr 


(over | year) 


k Chem 


UM) at two dif 


ess). 


Florida «¢ 
gth, 
of an ¢ ira 
4BS. Solid 
ve effect »f 
(Marbon Chem 
eal) 
used in a chemical environment, 
simulated service testing is always 
ABS mate- 


different pro 


recommended. Since 
rials supplied by 
ducers differ somewhat in chemi 
cal resistance, the materials sup 


pliers should be consulted prior 
to service testing 

In general, ABS materials have 
resistance to 


alkalis 
sulfuric and _ nitric 


excellent aqueous 


acids and Concentrated 
acids cause 
disintegration; concentrated phos- 
phoric and hydrochloric acids have 
little effect. Immersion in alcohols, 
and animal, vegetable and mineral 
oils produces insignificant changes. 

Glacial acetic acid, carbon tetra- 
chloride, and aromatic hydrocar 
bons cause swelling and softening; 


honate fat ~00 





F 


8 


Heot resistant 
ABS 


~ ({&rolostic HTHT) 


ul 
° 
oO 


~~. \ 
~ \ 
‘“ 


‘“ 
‘\ 


“~~ High density “A 
polyethy/ene 


~™ 
o 
oO 


Heat Distortion Temperoture, 








l 
66 264 
Fiber Stress, psi 
Thompson 


femperature affect resis 





8 


5—Ho 
ance to deformation of a heat re 

fant 1BS, compared with nulon 
and polyeth ile ne. Note the relatively 


rve { spieal of amorphou 


sters 


ketones, and ethylene di 
chloride are solvents for the resins 

Resistance of ABS to environ 
mental stress cracking is gener 
ally good, but again differs with 
materials from the different sup 
pliers. 

W eathering—For the most part, 
weathering causes surface effects 
such as discoloration and loss of 
effect on 


gloss Its mechanical 


properties is essentially a notch 
ing effect on the exposed portion 
of the part. 

Prolonged outdoor exposure of 
some 


ABS materials causes 


physical properties 
effect. 


causes a 


changes in 
caused by this notching 
Ultraviolet radiation 
gradual formation of a very thin, 
brittle veneer 


hard, somewhat 


When the veneer cracks, resist 
ance to impact is lowered. How- 
ever, the veneer as it is formed 
also apparently provides a degree 
of ultraviolet screening action, 
resulting in a leveling off of deg- 
radation. Fig 7 shows effects of 
two-year Florida exposure on im 
strength 
ABS 


specimens, both natural and pig- 


pact strength, tensile 


and hardness of typical 


mented. Pigmentation provides 


some protection from ultraviolet 
degradation 
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Motor slot and coil insulation 


Se mifle hl plate has good oe] ? 


for 


nsertion, 


Torroidal cores 
eqnated pape? 


wpe) perm 


These applications show that... 


Transformer core tube and layer 
insulation—T ape 


uniformity of thick 


prot ides consis 
tent dielectrics, 
nesses, and good conformability fi 


such appliance es 


impregnated Mica Paper 
Is Excellent Insulator 


by F. Schwartz, Mica Insulator, D 


produce a paper, and you have 


excellent electrical insulator, 
strength material U 


add ft 


a low 
this mica paper as a base, 
it various types of synthetic resir 
impregnants, combine it 
various types of reinforcing 
terials, and you obtain 
famil) of excellent 
aterials with a variety of 
thermal and physical 
haracteristics 
One of the most common forms 
which such materials are used 
so-called “plate.” Plate consists 
laminations of resin-impreg 
nated papers, built up to a desired 
thickness. Nominal thickness typ 
ranges from 0.01-0.06 in 
content ranges from a low 
to as high as 35% depend 
on properties desired. Since 
paper itself is consistent in 
ity and uniform in thickness, 
impregnated product has re 
producible and highly consistent 
quality 
Cost of mica paper products, of 
course, depends on such variables 
as type and quantity of resin, 
thickness, etc In general, how 
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f Minne 


competitive 

bonded mica splittings 
Two large classes of these ma 

terials are available: 1) resin-im 

pregnated plate, and 2) combina 

Nominal thick 


variations, and average 


tion materials 
nesses, 
dielectric strengths are specified 
in NEMA Standard No. ME 1 
1956, “Manufactured Electrical 
Mica.” 
Resin-impregnated plate 

Epoxy and silicone resins are 
the most widely used resins in 
molding or segment 
and flexible plate Molding plate 


is supplied as a prepreg material 


both rigid 


with a B-staged or partially cured 


resin. It can be molded to rela 
tively complex contours (e.g., 90 
deg bends can be molded without 
splitting or flaking), and cured 
to form a rigid insulating mate 
rial. 

Segment plate is supplied fully 
cured and can be punched, ma 
chined or sawed without splitting 
or flaking. In both the molding 
and cured plate materials, 


optimum 


epoxy 
resins are used for 
strength characteristics at both 


ENGINEERING 


i 266 } and Class I 
311 F Although 


silicone impregnants provide some 


temperatures 


what lower strengths, they pro 
vide higher temperature resist 
ance and are designed for Class H 
(356 F) service 
Combination materials 

Where maximum 


required, resin-impregnated mica 


strength i 


paper can be combined with rein 
forcing materials, such as Myla1 
polyester film, glass cloth, or 
both The reinforcing 


can be provided in varying thick 


material 


nesses, and on one or both sides 
Combination materials are avail 
able either semi-cured or fully 
cured, and in either flexible or 
semi-flexible form. 

Specialty grades include: 1 
Transformer sheet consisting of 
flexible 
silicone-impregnated paper 
designed for Class H layer insu- 


lation on small transformers. 2) 


thin (0.0009-0.002 in 


mica 


Heater plate, consisting of an in- 
organic impregnant designed for 
maximum temperatures of 1000 
1500 F; plate can be punched or 
sawed, and is generally available 
in thickness ranging from 0.010 














@B Epoxy impregnoted Complete slippoge 
mica poper . _— 
(Average binder 
content: 98 %) 


TI Mica splittings shellac 
(Average binder 
content: 6.3 %) 
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2—Effect of thermal aging on electric strength 1) 
2,000 10,000 20,000 2,000 10,000 20,000 licone-impregnated mica paper at 575 F; 2) epoxy 


mpregnated mica paper at 500 F’; 3) epoxy-impregnated 


oO 
oO 





1—Compression of epoxy-mica paper vs shellac-bonde: 
mica paper at 575 F; 4) silicone rubber-coated glass cloth 


mica splittings at various temperatures (ASTM D352). 
at 500 F: 6) silicone-varnished glass cloth at 500 F. 


0.125 in. 3) Tapes, consisting of paper materials. Mica paper itself Fig 1 which compares compres 
epoxy or silicone impregnated has a dielectric strength of 1000- sion (ASTM D352) of 0.020 in. 
mica paper and a carrier, such as 1500 v per mil, and a power fac- thick epoxy bonded segment plate 
glass cloth or Mylar polyester tor of 0.0006 at 86 F, and 0.0015 with that of shellac-bonded mica 
film, or both. 4) Standard tubes at 212 F. But its tensile strength splittings. 
in varying sizes made from mica is only 3.5-6 lb per in. width. As Retention of dielectric charac 
paper with an epoxy, silicone or shown in the table, the resin im teristics on exposure to heat de- 
inorganic impregnant. 5) Capa- pregnants and the _ reinforcing pends on the type and quantity 
citor grade mica paper, either materials essentially provide addi- of resin binder. The curves in Fig 
supplied with no impregnant, or tional strength at a minimum 2 show percent retention of elec- 
with a silicone resin impregnant. sacrifice in electricals. tric strength versus’ thermal 
Properties obtainable The excellent dimensional sta- aging for impregnated mica paper 
The accompanying table lists bility of resin-impregnated paper vs several silicone-glass materials 
properties of representative mica under compression is shown in at different temperatures. 


PROPERTIES OF SOME TYPICAL MICA PAPER PRODUCTS 
Based on specific grades of Isomica 





Plate Combination Plates and Tapes 


Sheet 
Varnished Glass Varnished Capacitor 
Molding Segment axit Glass ! Mylar « Glass® Insulation 





Resin Binder Epoxy Shella Epoxy Epoxy Silicone Silicone 
Composition 
Paper 90 .: ; 55 
Resin (max) y 10 35 38 20 
Glass Cloth 15 25 
Polyester Film (Mylar) ‘ 


Temperature Class* 


Dielectric Str (min avg) 
v/mil 

Short Time 1300 1300 10 1100 l 3000 avg 
Step by Step 1100 1100 ui 820 

Power Factor (60 cps 
C-72/50/23) 0.008 0.012 ( 0.05 0.04 0.05 0.02 0.0015 avg« 

Specific Gravity 2.10 2.20 2.27 1.59 1.47 1.60 

Thickness (avg), in 0.010 0.030 0.030 )] 0.006 0.012 

Ten Str (min avg), Ib/in (30,000) (40,000) (30,000) 50 90 150 


266; F: 311; H: 356 2-in. electrodes except where noted 
Flexural strength, psi 








aOperating temperatures: B 
,-in. electrodes 
e0.0017 in. glass cloth one side; 0.00025 in. Mylar on other 0.00 n. varnished glass, both sides 


gSemi-flexible; 0.002 glass cloth one side; 0.001 in. Mylar on other > mil varnished glass cloth both sides 
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Which 
Brazing Alloys 
for 
Vacuum Systems ? 


Composition limitations and absence of Hux make 


prope r alloy S¢ lection es pe cially vital, 


by Walter Hack, |! . 


ng con 


}jolnts DY 


+) f 


conside ration o 


less. o1 


would pe ot 


10, Importance If the joint were 


merely required to be mechani 


strong and reasonably air 
will affect the 


alloys 


illy 


tight. Such factors 


election of brazing and 


will alter brazing procedures 
Brazing alloys must have 
these three characteristics: 

l Constituents ( ( va pe 
High 


only 


pressure service 


that 


vacuum 


means low vapor pres 
elements present it 


sure may bdeé 


the brazing alloys Some such 
melting points too 


le. Thus, the 


ticable 
elements re 


elements have 


high to be prac 


} 


SultabDle 


list ot 


duces to 


coppel silver, gold 
nickel, indium and tin. It is esser 
tial, 


and 


too, that small traces of zin« 


cadmium, elements’ widely 


used in conventional brazing al 


loys, not be present as impurities 
2 fhility to wet and 


desirable in all 


flou 
These qualities, 
brazing alloys, are of greater im 
braz 


The 


which are a 


portance than normal when 


for vacuum 


is that 


ing systems 


reason fluxes, 


great aid to wetting and flowing 


ENGINEERING 


be used. Their 


subsequent complete remo 


questionable, and any flux trapped 


in the final joint may form voids 


detrimental from both strengt} 


and leakage 
Wetting is 


molten br 


standpoints 


the ability of the 


alloy to adhere to 


aZing 


the surface of a metal in the solid 


state and. when cooled below its 


solidus temperature see Dox oO! 
page), to make a strong bond 


Wetting is a fun 


next 

hat metal 
tion not only of the brazing alloy, 
but of the the metal or 
metals to be There 


that, in 


nature ofl 


joined is con 


siderable evidence order 


to wet well, a molten metal must 


be capable of dissolving, or alloy 


with, some of the metal on 


ny 
which it flows 

Flow is the property of a braz 
ing alloy that determines the dis 
tance it will travel away from its 
original position due to the action 
To flow 


an alloy must not suffer an appre 


of capillary forces well 
ciable increase in its liquidus tem 
though its 
the 
of the metal it has dissolved 
the 


out at 


perature even compo 
addition 
This 


brazing 


sition is altered by 


1S Important because 


operation is carried tem 





peratures just above the liquidus. 


3. Freedom from traces and 
mpurities. Alloys must have been 
produced with more care than 
usual, not only to prevent inclu 
sion of high-vapor-pressure ele 
ments but also to exclude such 
common impurities as dirt and 
carbon which are often picked up 
during the casting of the original 
ngot and subsequent wire draw 


or sheet rolling 


Although such impurities gen 
erally rise to the surface of molten 
metals—where they are not too 
»bjectionable—there is always the 
danger of gassing or voids. There 
fore the highest quality brazing 
alloys obtainable should be used. 

Purity is also important from 
the standpoint of oxides which 
may be present, or may form, 
during brazing Because fluxes 
cannot be used, a hydrogen atmos 
phere is generally required dur 

brazing to prevent oxidation 
reduce minor amounts of ox 
ides present in metallic form. The 
major alternative to hydrogen 1s 
1 vacuum atmosphere In som 


ises argon or helium is used. 


Base metals used may 
affect these characteristics 
Factors that determine the 
selection of a brazing alloy, for 
ation, include the ex- 
maximum operating tem 
perature of the part (which will 
be discussed in this article 
the number of successive brazes 
required to produce the part, and 
the nature of the materials to be 
joined This third factor—the 
nature of the base metals—is par 
ticularly important when brazing 
for vacuum service because it 
affects the wetting and flowing of 
the brazing alloy. A_ study of 
equilibrium diagram theory (see 
box) will make the following dis 
cussions clearer 


! 


Steel to steel. Copper brazing 
alloys are highly satisfactory from 
the standpoint of both wetting 
and flowing on steel. The excel 
lent flow characteristics are due 
to the fact that as the copper 
melts it takes into solution a 
small amount of iron. The surface 
layer of the steel is saturated with 





Solidus 


Solidus 





Equilibrium Diagram Explains Brazing Problems 


Analyzing the diagram 

This hypothetical diagram is 
a plot of the liquid and solid 
states of all poss ble compos! 
tions consisting of metals S,; and 

The two heavy 
curves, TS,-C-TS:, represent the 
iquidus; above this temperature 
any composition is liquid. (The 
liquidus temperature of compo 
sition C, is T,, as indicated by 
point Z.) 

Solidus—The heavy horizon 
tal line T,-C-T, is the solidus; 
below th ine all compositions 
are entirely solid. T, is the soli 
lus temperature for all compo 

g., points C and O) 
Composition C is 


the eutectic. When an alloy of 


this composition 1S heated it re 

tirely in the solid state 

temperature T, is reached 

Lich point it becomes en 

iquid. T, is both the soli 

dus and liquidus temperature of 

composition C. The eutectic is 

entirely liquid at a lower tem 

perature than any other compo 
sition in the diagram. 

I qu d-solid state Unl ke 
composition C, any other com 
position will not convert directly 
from solid liquid at one tem 
perature, although all composi 
tions begin this conversion at 
T,. Composition C,, for example, 
will be partly solid and partly 
liquid at any temperature be- 
tween T, and T, (such as T;, o7 
T;, indicated by points X and 
: ee 

Compos fion of each state 
At temperature T, (point X), 
composition C, is separated into 
a solid of composition S, (the 
pure metal) and a liquid of 
composition C. (point X,). The 


liquid must be of composition C 
because this is the only compo 
sition that can be liquid at tem 
perature T,. (It cannot be C 
because the original composition 
contained more S, than S:.) 
Defining the problems 

Brazing alloys that are not 
eutectic compositions present a 
danger if parts being brazed are 
disturbed during the time the 
alloy passes through the part 
solid-part liquid condition. Any 
movement during this period 
may produce cracks in_ the 
braze metal. 

A second type of difficulty can 
be illustrated by assuming that 
S, is silver, S, is copper, and the 
parts to be brazed are coppe! 
If the brazing alloy has compo 
sition C, at T,, then at T, the 
liquid portion change s to compo 
sition C; having a higher cop 
per content. But the copper in 
the base metal is also soluble in 
this liquid phase. If the rise in 
temperature is not rapid enough 
between T, and T; (the liquidus 
temperature of C,) the alloy 
may dissolve enough copper to 
change its composition to C, 
with a resultant higher liquidus 
Ts. If the furnace temperaturé 
has been set for T;, the braze 
metal will never become com 
pletely liquid and will not flow 
adequately. 

Another aspect of the same 
phenomenon occurs if the braz 
ng alloy is allowed to remain 
at a temperature above the 
liquidus for so long a time that 
enough copper is dissolved to 
alter the composition to one with 
a higher liquidus. In this cas¢ 
a solid phase will slowly crystal 
lize from the melt and weaken 
the brazed joint. 
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molter 


molten 


iron which is still in the 
state. The bulk of the 
copper will flow away because of 
capillary forces, and the process 
will be repeated until the supply 
of copper is exhausted. An actual 
equilibrium diagram plot for the 
copper-iron system would show 
that molten copper can dissolve 
up to 2.8% iron without raising 
the liquidus temperature of the 
resultant alloy more than 52 °F 

Nickel to nickel. The commonly 
used eutectic brazing composition 
of 72 silver-28 copper will wet and 
flow readily on nickel. This is 
because nickel is highly soluble 
in copper. Gold-copper and gold 
copper-nickel alloys can also be 
used successfully. 

Pure molten 
nickel well but flows poorly unless 
the silver is alloyed with copper. 


silver will wet 


The reason is that silver dissolves 
little nickel; 
amount is brought into 
solution the liquidus of the re 
rapidly 


extremely when a 


slight 
sultant 


alloy rises very 


and the newly formed alloy 
freezes 

Copper to copper. The best al 
loys are the silver-copper eutectic, 
the gold-copper alloys and _ the 
gold-copper-nickel alloys 

Again, pure silver is unsatis 


lactory The copper-base m«¢ 


is highly soluble in silver. The 
melting point of the alloy of silver 
and copper is lower than the melt 
ng point of pure silver, and the 
silver will penetrate into the coy 
per rather than flow out on the 
surface. The same effect would 
occur if pure gold were used 

As with cop 
or nickel to nickel, 


the pest alloys prove tu be the 


Copper to nickel 


per to copper, 


ver-copper eutectic the gold 
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lire fatigue failure not caused by cords 
Radiation shields for space vehicles 


Coating helps in cold extrusion of titanium 
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copper alloys and the gold-copper 
nickel alloys. 
Glass-sealing 


dar, Kovar and Fernico 


alloys (é.@., Ro- 
These 


alloys, consisting of iron, cobalt 
and nickel, are best wet by cop 


per, gold-copper, gold-nickel and 


gold-copper-nickel brazing alloys. 
It is true that the silver-copper 
eutectic would wet the glass-seal- 
ing alloys well, but it is not usu 
ally acceptable because of the 
tendency of silver to penetrate 
the grain boundaries of the base 
alloys and cause embrittlement. 

Among the acceptable alloys, it 
has been found that gold-copper 
nickel and gold-nickel alloys flow 
better than pure copper and gold 
copper alloys. The better flow of 
the nickel-containing alloys is 
probably due to the solubility of 
oxygen and nickel oxide in molten 
nickel. That is, the nickel may 
actually 
of oxides off the surface of the 
metals. Wetting and flow may 
also be enhanced by the removal 


dissolve minor amounts 


of surface carbon; carbon will 
form a solid solution with nickel 
at brazing temperatures 
Stainless steel. Excellent wet- 
ting and flowing is obtained with 


This 
fact, too, gives credibility to the 


an 82 gold-18 nickel alloy. 


supposition that the good wetting 
and flowing characteristics of the 
nickel‘:bearing gold alloys are due 
to the solubility of carbon and 
oxygen in nickel. 
Molybdenum or tungsten. Braz 
ing alloys that flow well are gold 
nickel or gold-copper-nickel alloys 
with high nickel content. Molyb 
denum and tungsten are not wet 
by the 
poorly wet by the gold-copper al 


silver-copper alloys and 


loys 


ENGINEERING 


Economy and design factors 
may dictate final selection 

If, as seen above, there is often 
2 choice such 
alloys as the silver-copper eutec- 
tic, the gold-copper alloys and the 
gold-copper-nickel alloys, what 
additional factors might narrow 
the selection? 

1. Economic considerations would 
dictate the use of the silver-cop 
per eutectic. However, the other 
two brazing alloys have consider- 
ably lower vapor pressures, and 
vacuum service conditions may 
dictate the use of these alloys 
although they cost ten times as 
much as the eutectic alloy. 


between brazing 


2. Successive brazing require 
ments may also require the gold 
brazing alloys; they have a higher 
liquidus and solidus than the eu 
tectic. In successive brazing, the 
solidus of the first brazing alloy 
used must be higher than the 
liquidus of the next brazing alloy. 
Thus, the first joint will not sof- 
ten and deform during the second 
brazing operation. 

8. Long tight seams, or other 
special requirements, may dictate 
the choice between gold-copper 
alloys which do or do not contain 
nickel. In such cases the nickei 
bearing alloy is usually superior 
because of its excellent flow char 
acteristics 

4. Different coefficients of ex 
pansion between base metals 
such as copper and molybdenum 
present difficult brazing problems 
The solution is the use of a braz 
with little or no tem- 
differential 


states, i.e., an 


ing alloy 
perature between 
liquid and solid 
alloy that is close to the eutectic 
composition. This is because any 
differential 


parts during the time when the 


movement between 
brazing alloy in the weak liquid- 
solid state will open up cracks in 
the body of the brazing alloy. The 
best alloy is the low melting eu 
tectic alloy of the gold-nickel sys- 
wetting 
tensile 


excellent 
characteristics and high 
strength. An alternative, dictated 
by its lower melting point, may 
be an 81% gold-copper-nickel al- 
loy. It has a solidus of 1620 F 
and a liquidus of 1638 F. 


tem. It has 





Westinghouse Electric Corp. 


Radioactivity measurements on fuel rods of this experimental reactor will further design of new 134,000-kw 


nuclear power plant now under ce 


Yankee Atomic Electric Co. in New England. 


How Radiation 
Affects Engineering Materials 


by Richard E. Bowman, Radiatio) 


Effects Information Center, 
Battelle Ve morial Institute 


M/DE Manual No. 173 
July, 1960 


Radiation has been added to the growing 
list of combined environments that the 
engineer must now consider. Here is an 
up-to-date summary of how it affects 


commonly used materials such as: 


>’ Structural metals > Flastomers 
> Inorganic > Plastics 


nonmetallics > Organic fluids 
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that begin during an irradiation 
and remain after the field is re 
moved. In order to better unde 
stand these effects it is necessary 
to learn something about the basic 
damage mechanisms caused by 
radiation. 
What causes damage? 

In general, little radiation dam 





age is caused by alpha and beta 
particles released during nuclear 
fission since they can be readily 
removed by shielding. Of primary 
concern in selecting materials are 
the more penetrating gamma rays 
and neutrons. These forms of 
radiation car be described “a 
follows 

1. Gamma radiation: Electro 
magnetic waves which are mort 


and penetrating than 


neutrons Uncharged 
nuclear particles moving at very 
high velocities and having appre 
clable kinetic energy 
3. Thermal neutrons: Neutror 
moving at velocities equal to the 
kinetic motion of molecules 
Gamma radiation effects result 
from the interaction of gamma 
electrons of the mate 
als being irradiated. Basically 
this interaction is an ionizatior 
process. Thus, gamma radiation Is 
Irradiated semiconductor specimens being removed principally responsible for the pe 


sj , ’ > 
he Battelle Research Ree manent damage to organic con 


pounds Teflon, for example 

softens and crumbles, and certa 

Ld . + hydrocarbon fluids undergo gas 
The radiation environment sing and decomposition 
itt effect on inorgank 


materials includ 


Gamma rays and neutrons cause property changes 


other than to cause 
However. it can cause tl 
the electrical 
of semiconduct 


filled electron tubs 
materials 
itrons, being uncharged 
an lose energy only by 
sion with atoms. More 
over, m a collision occurs, the 
itoms, in turn, rapidly strike and 


Urganic mi: ‘lals ; i} wo tvI ansiet 
I nt t are } ther atoms. These col 


displace ot 


| ceramics 


suscey 


lisions produce vacancies, inte? 
stitials, thermal spikes, impurity 
effects \| 


though not completely understood 


pear when tl itoms and ionization 
removed. These 
neern us these _ effects cause property 
changes. For example ast neu 


neern 1s 
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trons increase the yield strength 
and decrease the ductility of cer- 
tain metals, and cause permanent 
changes in the electrical prop- 
erties of semiconductor materials. 

Thermal little 
direct effect on materials aside 
from inducing radioactivity. One 
exception is the cracking of glass 


neutrons have 


vacuum tube envelopes caused b) 
the absorption of thermal neu- 


trons by the boron in the glass 


How damage is measured 
Although it is relatively easy to 
radiation effects it is 
quite difficult to measure thes 
effects quantitatively. The entire 
field of 
grown out of efforts to measure 


describe 


radiation dosimetry has 


and interpret radiation dose. Fol 
iowing are four units of measure 
ment that we will use in discuss 
gamma and neutron irradia 
ergs per 
gram referred to carbon is equi\ 
alent to the energy absorbed from 
i gamma field per unit mass of 
carbon (as a reference material 
In the case of organic materials it 
to the 


; 


is approximately equal 


energy absorbed per yram 
ym eneryy ab 
‘am of sample 
» nm per sq cm: unit of inte 
grated flux consisting of the neu 
multiplied by the 


velocity in cm per sec, 


tron density, n, 


the exposure time in sec 
“ast neutrons are defined as those 
greater than 


naving energies 


about 0.5 mev million electror 

unit of integrated 

thermal neutron flux where (nv 
neutron density normalized 


veloc ity of 2200 meters per 


In addition, the terms “damage 
threshold”’ and ‘‘25°% damage” are 
frequently used to describe radia 
tion damage in materials, par 
ticularly organic materials. ““Dam- 
age threshold” refers to the radia- 
tion exposure required to change 
at least one physical property of 
the material. When one property 
is changed by 25°, the material is 

“or 


said to have reached “25° dam 


aye 


Structural metals 


generally have best radiation resistance 


Structural metals are not as 
susceptible to radiation damage as 
nonmetallic materials such as 
polymers, organic fluids and semi- 
Detectable 


changes in the mechanical proper 


conductor materials. 
ties of metals do not appear until 
the integrated fast neutron flux 
reaches a level of about 10'* n per 
sq cm. However, physical proper- 
ties can be affected at lower levels 
For example, the magnetic prop 
erties of some ferrous alloys de- 
teriorate appreciably at integrated 
fast flux levels of 10'? n per sq 
cm 

A general summary of the effect 
radiation has on metals is given 
in Table 1 See also, “Radiation 
Damage In Metals,” M/DE, Jan 
In general, the effects 
of radiation in metals are qnalog- 
ous to that of cold work, although 


60, p 89 


the overall effects are less severe. 
Such effects 


sirable and can_ be 


are not usually de- 
minimized by 


decreasing radiation dose, and/or 
increasing temperatures during 
irradiation. Like cold working, 
radiation damage can be repaired 
or removed by annealing. 

Investigations of the effects of 
neutrons on metals have been 
made at integrated fast fluxes up 
to 107° n per sq cm and at tem 
peratures up to 750 F. However, 
most data have been obtained at 
or near room temperature and the 
studies made at very high and 
very low temperatures have been 
of a basic scientific nature and 
have not provided materials en- 
gineering data. 

Aside from neutron effects, two 
important secondary effects that 
should be considered are induced 
radioactivity and gamma heating. 
Cobalt-bearing alloys (even those 
containing cobalt only as an im- 
purity) become sources of gamma 
radiation which may make them 
unsuitable for some applications 


TABLE 1—GENERAL SUMMARY OF HOW IRRADIATION AFFECTS METALS 





Property 


Effect 





Tensile Yield Strengtt 


Ultimate Tensile Strengtt 
Ductility 
Elastic Constant 


Work Hardenabili 
Impact Strength 


Decreases 


Increases aS much as several hundred percent in annealed mate 
rials, smaller increases in metals previously strengthened by 
cold working or heat treatment 

Increases up to 75% 
ened metals 

Decreases by as much as one-third in annealed metals and some 
what less in strengthened condition 

Limited data indicate little or no change 


in annealed and to lesser extent in strength 


Decreases—-ductile to brittle transition temperature elevated by as 
much as 180 F 


Creep Little or no effect 


Fatigue Strength 
Hardness 

Damping Capacity 
Density 

Diffusion Coefficient 
Electrical Resistivity 
Phase Transformation 
Microstructure 
Thermoelectric emf 
Thermal Conductivity 
Corrosion Resistance 
Induced Radiation 
Dimensional Stability 
Internal Friction 





Limited data show no effect 

Increases moderately 

Unaffected 

Decreases by as much as 0.2% 

Limited data show slight increase 

Increases by as much as 10% 

Possible in certain systems 

Changes observed in certain systems under selected conditions 
Slight change possible 

Limited data show moderate decrease 

Little or no change 

Depends on concentration and cross section of components 
Moderately affected 

Limited data show little or no effect 
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2—EFFECT OF NEUTRON IRRADIATION ON THE TENSILE PROPERTIES OF METALS 





Yield Strength Tensile Strength Elongation 


Irradiation 


integrated 
Fast Change 
After After After 


Neutron 
Temp Flux U Irrad, Unirrad Irrad Unirrad Irrad 
F n/sacm 1000 ps 1000 psi 1000 psi ‘ A 


Change Change 








TM 
Vi f 


ASTM 





STAINLES TEEL 





Annealed 
stress relieved 
Fully recrysta 
Annealed 
Heavily cold we 
As received 
As received 
As 
As 
As received 
Annealed 
old worked 


OMV Bery 
Zirconiun Annealed 


Zirconiun > cold worked 
Zirconiur é ~ cold worked 
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even though their structural char- ation induced structural effects or 
acteristics are not significantly gamma heating. 

affected. Although both neutrons Because of the increase in yield 
and gamma rays transfer energy and tensile strength by neutron 
to metals and cause internal heat- bombardment, the ductility of a 
ing, the major heating effect is metal is generally lowered. Loss 











caused by the gammas. In fact, if of ductility can range from one- 
sufficient cooling is not provided, fifth to one-third or more; how- 
high gamma fluxes can cause melt- ever, it may be restored by an- 





ing. aling 
iz nealing. Overall view of Battelle’s hot cell 


sg 4 , .s P ’ te ee. 1 + x < _ 
Tensile properties If the strain rate is sufficiently facilities for studying radiation ef- 


A complete summary of the s on materials that are radio 
effects of radiation on metals is 
shown in Table 2. These data show 
in most cases, fast neutron 

irradiation increases the yield ; H 
strength of metals in a manner P alee Normoliz How radiation effects 
analogous to cold working. This aa re are studied 
effect tends to level out with in 
creasing exposure (Bruch, et al. 
The yield strength of annealed 
metals is approximately doubled 
after irradiation, and in some 
cases it can increase as much as 
1.5 times 

Neutro! irradiation also In A , 
creases the tensile strength of en fe 
metals, but to a lesser extent than , 
it does yield strength. A decrease 
in tensile strength has been re 
ported with some hardened or cold 1 Comparison 
worked metals and it is believed curves for uni 


caused by radi ated metal 


TABLE 3—EFFECT OF NEUTRON IRRADIATION 
ON THE IMPACT PROPERTIES OF METALS 





Irradiation 


Integrated Fast 
Neutron Flux Transition 


sq cm Temp, °F* ‘ c ; 
Remote tensile test in operation. 


Operator at left is manipulating 





specumen. Operator at right is 


onitoring and recording data. 


ASTM A302B Stee Standard V-notch Charpy 
Same as above Same as above 

ASTM A212B Stee Subsize Izod 176 l Interior view of remote testing 
Same as above Same as above : 10 

ASTM A212 Steel Subsize notched cylinders 
ASTM A212 Steel Same as above 

ASTM A212 Steel Same as above 


Increases 


17 


; 


chambe? showing irradiate d metat 


specimen being installed, 


NONFERROUS METALS 


Tungsten Subsize tension test 

Molybdenum Subsize tension test l 

Zirconium Subsize !zod 5 10: 5 x 109 Small 
Aluminum 527 ] Decreases 
Copper 527 Increases 
Nickel 57 Increases 








"See xt. Numeri lang indicated are positive 


Normalized at lf Normalized at 1900 F 





high, neutron 


irradiation tends to 


produce a drop-in-load yield point, 


primarily in 
Al d, 
irradiated 


metals 


lose their viel 


carbon 


face-centered-cubic 


as shown 


1 point 


in 


steels 


Fig 1, 


tend to 


Impact properties 
Neutron irradiation 
fracture behavior of 
metals and must be taken into a 
purposes. As 
irradiation tends 


affects the 
structural 
design 


count for 


shown in Table 3, 


TABLE 4—EFFECT OF NEUTRON IRRADIATION ON THE HARDNESS OF METALS 





Irradiation 


Integrated 
Flux, n/sq cm 


Brinell Hardness 


Change After 
Irradiation 


Fast Unirradiated 





PLAIN CARBON STE 


STAINLESS STEELS 


USS “W 


NICKEL ALLOYS 


Hastelloy C 
Hastelloy C 
Monel 
K Mone 
icone 
Inconel X 
Haste! vy Xx 
yne 
one! A 
nconel X 


K Mone 


THER META 


pper* 
Nicke 
Titanium ( 
Zirconiur 
iran o 
Molybdenurr 
100 Aluminum 
1100 Aluminum 
56 Alumir 
QMV Bery 
Stellite 3 
Tungsten 
Tantung G 


um 


un 


Annealed 
Hardened 
Annealed 
Hardened 
Annealed 
Annealed 
Hardened 





Annealed 
Annealed 
Annealed 
Surface n 
Annealed 
Surface n 
Hardened 
Hardened 
Hardened 


Cast 
Wrought 
Annealed 


Annealed 
Annealed 
Annealed 
Aged twice 
Aged once 
Annealed 





Tantalum 


As received 
As received 


RB SBSR SS 





High purity 
All changes 
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to increase transition temperaturs 
It is well-known that the fracture 
characteristics of 
cubic metals such as iron, molyb 


body-centered 


denum and tungsten change sharp 
ly over a restricted range of tem 
perature, called the ductile-brittle 
range. As the name implies, brittle 
fracture with little energy absorp 

this 
with 


tion occurs below range, and 
greater en 


the 


ductile fracture 
ergy absorption occurs above 
range. The transition temperatur: 
is a more or less arbitrary ter 

perature within this range and is 
be 


specimens 


used for comparing fracture 


havior on_ identical 


under identical conditions 


tested 


Hardness 


Since neutron bombardment 
causes atomic displacements and 
pinning of dislocations it increases 
the ability of a metal to resist ir 

The hardness of a meta 


LOO 


dentation 


can be increased as much as 


Brinell by irradiation. 
relatively easy 
out 


Hardness is a 
to 
this reason 
Table 4) 
cumulated for a variety of metals 
Sutton Lee 


property measure of pile 


ind for considerable 


data see have been ac 


These data (see and 
that hardening 
tor 


indicate 
. 
than for those already 


») 


2. Is 


Se? 


greater softer meta 
hardened 
direct functior 
of 


preserve d 


not a 


carbon content steels 


> 
) - 


perature, 


at room te! 


but changes caused by 


irradiation are lessened at hig 
temperature 

1. Proceeds at 
irradiation 
a saturation limit 


fully 


a decreasing ra 


during and probably 


approat hes well 
below the embrittled condi 


tion 


Density and dimension 

As shown in Table 5, structura 
metals do not exhibit large changes 
dimension unde? 


In 


in density and 


neutron irradiation general 


density decreases and falls withir 


limit of experimental 
An this 
the they 


a slight density 


0.05° 


the 
accuracy exception 
cobalt 


increase 


trend is alloys; 


show in 
after irradiation 
10 n 


fluxes above 


harmful 


Integrated 


per sq cm can be where 


small tolerances are required. In 
combina 


general, metal-ceramic 





TABLE 5—EFFECT OF NEUTRON IRRADIATION ON THE 


tions (such as Kennametal 150A SENENEY GF eammeae Gab taaaes 


and Carboloy cermets) show a 





larger decrease in density and D 
greater dimensional instability innate —_" 
after irradiation than common Integrated Fast 
metals such as steel. Neutron Flux Change 
Electrical resistivity Material } Temp, F n/sq cm Unirrad, Ib/cu in.| After Irrad, % 
int me utron irradiation Cause 1100 Aluminum 240 0.0978 0.004 
lattice imperfections, it produces 356 Aluminum 240 0.0962 0.02 
a noticeable increase in electrical QMV Beryllium 240 0.0665 0 
resistivity, especially at lower 347 Stainless Steel 240 0.285 0.005 
effects _316 Stainless Steel 3.§ 0.288 0.06 
Navi abl . 347 Stainless Steel 0.286 0.09 
are unable to anneal out. Below 347 + Ta Stainless Steel § 0.286 0.04 


saturation it seems reasonable to 410 Stainless Steel a5 0.277 0.05 


assume that this increase is di- A” Nickel . 0.321 0.07 


rectly : . ‘ Monel ~ 0.319 0.05 
ect p > >. 
rectly proportional to the inte Stellite 3 5 0.309 0.06 


grated fast neutron flux in view Stellite 6 5 0.301 0.11 
of the almost linear relationship ASTM A212 Steel 3 0.283 0 

found for gold, silver and copper Tantalum 9 0.10 
irradiated with 12-mev neutrons Tungsten 5 0.15 


‘ ? . Tantung G - 0.20 to —0.25 
( 00 ) > ve] « 
(Ce pe r et al.). Betwe en 86 and WC-Co. TAC-Co 0.3 to —0.6 
536 F, increases are limited to TiC-Ni 0.3 to —0.6 


( 


about 5%, except in high-melting 





temperatures where the 








metals such as tungsten and 


molybdenum, as_ indicated in TABLE 6—EFFECT OF NEUTRON IRRADIATION ON THE 
Table 6 ELECTRICAL RESISTIVITY OF METALS 





For face-centered-cubic metals 
copper, nickel and 347 stainless Irradiation 


steel) the increase in electrical re- 

Resistivity 
: Integrated Fast Change % 
original resistivity. As indicated Neutron Flux 


by Bruch et al., the relationships Metal # Temp, F n/sq cm 


sistivity is inversely related to 





of body-centered-cubic metals 
Copper 238 109 
Aluminum 238 10'9 
Stainless Steels 
nium and zirconium) are approxi- (304, 309, 347) 536" 4x 10'9 
mately parallel to and larger in Tantalum 5 x 10 
magnitude than those of the face Tantung G sp oat 
Tungsten 5x 10° 


iron and molybdenum) and close- 
packed-hexagonal metals  (tita- 





entered-cubic metals 





Flowing water used 
All changes are positive 


Inorganic materials 


show many changes in physical and mechanical properties 


Many other inorganic materials mechanical properties are im temperature of the material is in 
have been studied closely to find proved, the most notable change creased during irradiation. For 
out how they perform in nuclear being an increase in strength and example, irradiation at 300 F re- 
environments. The most important hardness. Thermal and electrical duces the changes of most physical 
materials from a design stand- properties, however, decrease after properties by one order of magni 
point are: graphite, carbides, irradiation and some changes oc tude compared with those changes 
glass, ceramics and miscellaneous cur in the dimensions of finished incurred by irradiating at 85 F 
materials such as concrete, fer- parts. It is difficult to anneal out the 
rites and mica. The magnitude of radiation effects of low temperature irradi 
effects in graphite depends on the ation. In most cases annealing 
temperatures on the order of 
3600 F are required for complete 


Graphite 
Many of graphite’s mechanical raw materials and_ fabrication 
and physical properties are techniques used, as well as on 

changed when it is irradiated at irradiation conditions. All effects recovery. 
t 


low temperatures In general, decrease in magnitude when the An example of the changes that 


JULY, 1960 ¢ 125 





TABLE 7—EFFECT OF IRRADIATION ON GLASS can take place by irradiation is 
provided by an _  Acheson-type 





Type — ation , graphite exposed to a fast neu 
or Dosage -roperty Change emarK . . 

: tron flux of about 2 x 10°! n per 

sq cm at 86 F. After irradiation 


the mechanical strength of this 





material was doubled, its thermal 
conductivity increased fifty-fold, 
its dimensions increased by over 
3%, and it accumulated more than 
500 cal of stored energy per gm 

Woods et al 

The radiation effects in diamond 
appear to be quite similar to those 


observed in graphite. However, in 

ergs/e(C) 
Slight discolorat 
No significant ang of many carbons tends to become 


contrast to graphite, the structure 


Changes from ye more ordered when irradiated and 
increases in electrical and thermal 


conductivity have been noted 


Carbides 

Changes in the crystal dime! 
sions, density, and thermal and 
electrical properties ol carbides 
have been found at high radiation 
exposures. Boron carbide, for ex 

irradiated to 3 x 10 per 
sq cm exhibits a 0.63% expansion 
in a, and a 0.83% contraction in 
( Some fragmentation and for 
mation of lithium and helium in 
the lattice of the material have 
also been noted. 

Some expansion can also be ex 
pected with silicon carbide mate 
rials. After exposure to 1 x 10 
per sq cm, hexagonal silicon cat 
bide exhibits an expansion of 0.3 
and cubic silicon carbide shows 
growth of 0.76%. However, these 
changes can be substantially a 


nealed out at 2190 F /(Johnso 


Glass 
Radiation colors most glass¢ 
LS My , 
Density may 
trom 


In most cases coloration occurs a 
gamma doses as low as 100 ergs 
per gm (C) and saturation occurs 
at 10° ergs per gm (C). Physical 


exposure 


ntencit 


' disintegration may take place a 
higher exposures, 

Some of the systems that help 
to prevent or decrease loss of light 
transmission are the use of trans 
parent shielding materials contain 


ng lead oxide, and the addition 


creases abi of o 2% tetravalent cerium in 


Mev ; formation , 
the batch composition of the glass 


new element ni 
letravalent cerium 18 apparently 


an electron acceptor and removes 


free electrons that would other 





wise form color centers. 
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effects of 


range of 


A summary of the 
radiation on a wide 
glasses is given in Table 7. Al- 
physical properties 
irradi 
neutron 


though some 


of glass are sensitive to 
ation, low temperature 
irradiation affects such properties 
as density and thermal conductiv- 
ity to a lesser degree than most 
ceramics. Like ceramics, radiation 
damage to glass depends on the 
temperature of irradiation and it 


can be readily annealed out by 
heat 


Radiation 


treatment 


will create color 
changes in quartz as well as caus 
ing changes in thermal and elec 


trical conductivity, index of re 


fraction and elastic properties 
Under irradiation, high-grade nat 
ural quartz changes from a clear, 
uncolored appearance to a uniform 
gray This 
lated to 


material 


color change 


Impurity content 


Ceramics and allied materials 


Irradiation causes many 


prop 
erty changes in ceramics, and the 


magnitude of these changes is 


intimately dependent on raw ma 
terialsand methods of fabrication 
The threshold of 


materials of 


damage of ce 
ramic moderate sta 
bility 
10°" n 
erty 

grated fluxes of 10'* n per sq cm 


and at the type of neutron energy 


appears to occur at about 
However, prop 


inte 


per sq em 


changes are small at 


spectrum present in a graphite 


moderated reactor Damage in 


many (if not all) ceramics is 


mihimized by irradiation at ele 


vated temperatures. Also, physical 


property changes can generally be 


annealed out after irradiation. 
effects of 
irradiation on commonly used ce- 


A summary of the 


ramics and related inorganic non 
metallics is given in Table 8. 

Preliminary re 
irradiation at 


Ceramic oxides 

indicate that 
3 x 10'° n per sq cm 
effects on the 


sults 
causes no 
permanent proper 
ties of aluminum and magnesium 
oxide. However, it has been found 
that the thermal conductivity of 
aluminum oxide increases greatly 
in a nuclear reactor field at 750 F 
Monk 
Minerals radiation 
the oxides 


The 


minerals are 


most 


resistant 


TABLE s—EFFECT OF IRRADIATION ON CERAMICS AND ALLIED MATERIALS 





Material Exposure 


Effects 





CERAMIC OXIDES 


Al.0,* 2 x 1079 n/sq cm 


10° ergs (gm (C), gamma 


BeO 2 x 107° n/sq cm 


MgO 2 x 104° n/sq cm 


10° ergs/gm (C), gamma 


Quartz 10 n/saq cm 


sq cm 
10°° ergs/gm (C) 
electrons 
°n/sq cm 


n/sq cm 





| 
MISCELLANEOUS CERAMI( 


Spinel (MgO «3.5 Al,0;) 
Forsterite, Porcelain 
Steatite 


10° ergs/gm (C), gamma 
2 x 107° n/sq cm 


1 x 107° n/sq cm 
x 107° n/sq cm 


* ergs/gm (C), gamma 
BaTiO x 107° n/sq cm 

10° ergs /gm (C), gamma 
0° ergs/gm (C), gamma 





Mica (Muscovite) 


No change in x-ray pattern and thermal con 
ductivity. Some color change, probably F-center 
phenomena 

Color change, F-centers 

0.3% expansion in co, none in a, as determined 
by x-ray pattern. No change in thermal con- 
ductivity 

No change in basic lattice. Single crystal broken 
into reactive small crystals 

Blue color, F-center formation 

Decrease in density to 2.25. Change in axial ratio 
(c/a) from 4.1 to about 1.06 at this dosage; two 
macroscopic roles parallel to c-axis form on 
annealing at 1740 F. Density changes annealed 
out at 1830 F. Significant energy release shown 
by DTA at 1110 F 

Decreasein density to about 2.25 (17.7% change) 
No macroscopic defects or loss of structure 
Color changes, F-centers 

Increase in density to 2.25. Heating at red heat 
removes increase. F-center color changes to 
deep violet or dark brown 


Highly purified silica shows no discoloration. 
Commercial silica appears dark and mottled 

No change in x-ray pattern. Slight decrease in 
thermal conductivity. Color change 

Radiation-induced phase change, monoclinic to 
cubic. No change in cubic lattice. Slight de- 
crease in thermal conductivity 


No change in crystal structure. Decrease in thermal 
conductivity (factor of 2). Color change, F 
centers 

Color change, F-centers 

Loss of crystallinity. Decrease in thermal con- 
ductivity (factor of 4). Color change, F-centers 

1.9% expansion. Large loss of crystallinity 

Complete loss of crystallinity. Decrease of thermal 
conductivity (factor of 5). Color change 

Color change, F-centers 

2.87% expansion in ao. Marked color change 

Color change, F-centers 

No effects noted 





"Effects noted on bot ngle 
>Hot pressed 
Vitreous 


such as corundum, spinels, zircons, 
etc., which have a simple crystal 
Although 
expected to 


structure these 
would be 


in hardness and 


line 
minerals 
show an increas¢ 
density, present evidence indicates 
that they are little 
exposures up to 10* 


damaged at 
fast n per 
sq cm. 
Mica 


some degree of 


It has been reported that 


electrical conduc 


crystals and hot pressed materials 
Single crystal 


*Polycrystalline, sintered 


ivity is induced in mica by 
gamma radiation. Also, mica sheet 
has been found to after 
strong ionizing radiation. 
Ferrites—Gamma radiation can 
produce a temporary increase in 
the electrical conductivity of fer 
rites. However, normal properties 
are restored very quickly (a mat- 
ter of minutes) at room tempera- 


bend 


ture. 
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Barium titanate Barium tita 
nate exhibits a change in dielec 
irradiated at 
Normally 


this material exhibits a peak in 


tric constant when 


2x 10°" n per sq cm 


the dielectric constant versus tem 


perature curve. However, irradi 


Elastomers 


vary widely in radiation 


analyzing the effects of ir 
tion on elastomers the engi 
neer should realize that the recipe 
material may 
different 
have 


of a specific 
and that 
irradiation may 


vary, 
conditions of 
been used 
from test to test Consequently 
values may not be consistent 
Several methods are available 
radiation re 


These in 
clude the use of fillers, addition 


for improving the 
sistance of elastomers 
of radiation-resistant resins, and 
the use of organic additives called 
antirads. In general, carbon black 


fillers are superior to mineral 


fillers Resins have been used to 


improve the radiation resistance 
of gum stocks but appear to have 
little effect on black stocks 

A number of antirads have bee: 
found that will extend the rete! 


ion of 


tensile strength and the 


iltimate elongation of natural 
ibber tread stocks by a factor of 
‘ry irradiation. The best 
N,N’-cyclo-hexylpheny! 
para-phenylenediamine, hase! 
abled a rubber compound to re 


initial 


tain 99* of its tensile 


strength and 88% of its ultimat 
elongation after irradiation at 10 
gm (C By comparisor 

36 and 18%, respe 

ire exhibited by the norm 

ally protected control rubber com 
Table 9 lists ten of the 


their 


pound 


better antirads, based on 


ability to retain tensile strength 
and elongation. Also, the decreas 


+ 


ing resistance of elastomers to 
radiation is presented graphically 
in Fig 2 

Natural rubber 


Irradiation of natural rubber 


nduces crosslinking and tends to 


decrease elastic properties and In 
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ation essentially causes this peak 
to disappear and reduces dielectric 
constant toa nearly constant value 
over the temperature range of 85 
to 285 F 
Concrete 


(Roge rs 
Irradiation tends to 


reduce the water content of con 


resistance 


crease hardness. This is similar to 
the effects of 
whereby 


over-vulcanization 
natural rubber acquires 
a rigidity comparable to glass 
Natural rubber is unaffected by 
radiation up to about 2 x 10° ergs 
per gm (C Damage of 25% for 
overall properties accrues at 
proximately 2.5 x 10° ergs pe 
strength 1 


c Tensile 


affected until the rubbe 


ethane Rubber 
Notural Rubber 


SBR Rubber 


Acrylic Rubber 
Nitrile Rubber 
Neoprene Rubber 


Silicone Rubber 


Fiuoroelastomers 
Polysulfide Rubber 
Buty! Rubber 


crete and reduce its’ breaking 
strength. Magnesium oxychloride 
concrete, for example, has shown 
as much as an 80% decrease in 
compressive strength after being 
irradiated to about 3 x 10'* n per 
sq em (Lyon). 


posed to 2.4 x 10° ergs per gm (( 

damage is incurred at a 
level of 1.5 x 10 
Elongation and 


and 25% 
ergs per gm (C 
set-at-break are 
not affected up to about 5.5 x 10 
ergs per gm (C). 
Polyurethane rubber 

Studies indicate that the rad 
ation resistance of polyurethane 
rubbers is equal to or better than 
Harrington 


natural rubber 

















C_] incipient to 


mild damage 


C—) Moderate 


domoage 
GE Severe domoge 


Gomma Exposure, ergs/gm (C) 


2 Relative stability of clastomeric 


material to 


rradiation 


TABLE S3—RELATIVE RATING OF ANTIRADS BASED ON STRESS-STRAIN PROPERTIES 





%, of initial Value 


Tensile Elongatior 


Strength 





alpha-naphthylamine 
Quinhydrone 


N-phenyl-N’-o-tolylethylenediamine 
Beta-naphthol 

Beta-naphthylamine 

20 CC 59A 

Pyrogallol 

Phenyl hydroquinone 





N, N’-Dioctyl-para-phenylenediamine 
ASTM Natural Rubber Tread Stock Control 


N. N’'-Cyclohexylphenyl-p-phenylenediamine 30 
35% Diphenyl-para-phenylenediamine, plus 65% Phenyl 


N-p-tolyl-N’p-toluenesulfonyl-p-phenylenediamine 
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Loughboro 





TABLE 10—EFFECT OF IRRADIATION ON PROPERTIES OF FLUOROCARBON ELASTOMERS: 





Dose 


Material # ergs ‘gm (C) 


Initial Properties and Change After Irradiation 


Elongation 


Hardness 


Change Change, 
pn 


Shore A % % 0 


Tensile Strength 


Change 
% Remarks 





Viton A-7 0 
8.7 x 10° 

Viton A-8 

Viton A-9 


Viton A-10 


Viton A-11 


Pr 1710-X69 


Kel-F 5500 





12.5 


992 


Gray-brown 
Tan 
Tan 

Brown 


Dark gray 
Black 


Gray 





sHarrington 


Broke when bent 180 


They are not affected up to 9 x 
10° per gm (C), but are damaged 
by about 25° at approximately 
1 x 10° ergs per gm (C). In gen- 
eral, urethane elastomers tend to 
soften at exposures up to 4 x 10 
ergs per gm (C), and then become 
increasingly harder. The mate- 
rials tend to decrease in both ten- 
sile strength and elongation after 
irradiation. Compounding appears 
to have little effect on radiation 
resistance for most types. 
Styrene-butadiene (SBR) rubber 
Styrene-butadiene rubber (SBR), 
commonly called GR-S or tire rub- 
ber, resists radiation better than 
any of the synthetic rubbers, but 
it is not equal to natural rubber 
in radiation resistance. Threshold 
damage is reached at 2 x 10° ergs 
per gm (C), and 25% damage ac- 
crues at 1 x 10° ergs per gm (C). 
Tensile strength of the material 
changes less rapidly than that of 
natural rubber. For example, ten- 
sile strength does not decrease by 
25% until about 3 x 10 
gm (C), as compared to 1.5 x 10! 


ergs per 


ergs per gm (C), for natural rub- 
ber (Bopp and Sisman). However, 
other properties of the material, 


Slightly tacky 


‘Glossy on surface 


set-at-break 


decrease by 


such as elongat ion, 


+ 


and compression set, 
25% at 1.5 x 10° ergs per gm (C). 
Additions of Hycar HH (a bro- 
minated butyl rubber that is more 
compatible than ordinary butyl 
rubber) to SBR can be used to 
delay radiation damage. 

The rate of property changes 
for both hot SBR (polymerized at 
122 F or higher) and cold SBR 
(polymerized at 41 F) is about the 
same under irradiation (Lough- 
borough et al.). Cold SBR has 
better initial physical properties 
than hot SBR and this superiority 
is evident after irradiation. 
Nitrile rubber 

Nitrile rubber (NBR) is a copo- 
lvmer of acrylonitrile and buta- 
diene. Formulations with a high 
acrylonitrile content have about 
average radiation stability com- 
pared to other elastomers. Com- 


pression set degrades by about 


25% at 7 x 10° ergs per gm (C). 
Tensile strength is variable after 
irradiation and increases by 25% 
at 1.5 x 10! 
Neoprene rubber 

In general, the properties of 


ergs per gm (C). 


neoprene (polychloroprene) rub- 


ber are similar to nitrile rubbe. 
after irradiation. Neoprene W re- 
tains its Shore hardness under 
greater radiation doses than do 
the other elastomers, its hardness 
being unaffected up to 4.5 x 10 
ergs per gm (C). However, hard- 
ness increases rapidly above this 
dose, increasing by 10 Shore units 
by the time a level of 1.5 x 10 
ergs per gm (C) is reached. 
Hypalon (chlorosulfonated 
polyethylene) 

It is difficult to predict the ten- 
sile strength of Hypalon, because 
the material exhibits different 
trends during irradiation. In some 
cases the material retains nearly 
its original value up to 9 x 10° 
ergs per gm (C), after which it 
starts to increase with higher 
dosages. In cther cases, tensile 
strength increases at low doses, 
drops considerably at about 4.5 x 
10° ergs per gm (C), and then 
starts to increase with continued 
exposure. 

Continued exposure tends to in- 
crease the hardness and decrease 
the elongation of Hypalon (Har- 
rington). Data suggest that sta- 
bility can be improved by adding 
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iromatic plasticizers such as Ken 
flex A 
Acrylic rubber 

Acrvlic, 


are hase d or 


or polyacrylate, rubbers 
polymers of butyl or 
ethylacrylate. Both types of poly 
to behave similarly 
They 


ight amounts of crosslinking and 


mers appear 


when irradiated undergo 


leavage when exposed at 


ergs per gm (C Their 


ncreases with increas 


However. their ten 


behaves erratically 


decreases afte 
remains relatively 
ntermediate expo 
drops and eventu 


with prolonged ex 


posure 
Silicone rubber 
In general, the radiation res 


be low 


elastomers 


rubbe rs 18 
other 


; 


1 
damaged 


— are 
exposures less tl 
10° ergs per gm (C 
Fluorocarbon rubber 

rubbers hay 


Plastics 


materials undergo both crosslink 
ing and chain cleavage when ir 
radiated. As Table 10 


fluorocarbon rubbers exposed to 9 


shown in 


x 10 increase 


about 25 in 


ergs per gm (C 
hardness and lose 
about 80 of their 


Tensile strength also varies. Viton 


elongation 
A compositions show an increase 
to 45° Kel-F 

nh increases by 14° 


5500’s tensile 
at low 


doses and then drops 14° below 


its original value as dosage is in 


creased to9x 10% ergs per gm (C 


Indications are that the stabil 


itv of fluorocarbor rubbers is 


quite dependent on the 


I environ 


ment. Thus, the stability of the 


materials in be used to 
predict the al in other 
media. For example, Viton A re 
at 10°° ergs per gn 


’. but re 


mains stable 


C) in diester oil at 400 F 
its stability only to 6 x 10 
roon 


r gm Cc In air at 


Kel-F ir 


Similarly 


room te 
silicate 
luids remains stable, but re 


s stabilitv only to 6 x 10° 


ergs per gm (C) when irradiated 
in air. 
Polysulfide rubber 

The hardness of polysulfide rub 
ber does not change significantly 
up to 2.5 x 10° ergs per gm (C 
However, tests conducted at 4.5 x 
10'° ergs per gm (C) have caused 
such great damage that hardness 
could not be measured (Harring 
ton). Also, at the higher exposure, 
both tensile 
strength 
suggesting that the material may 
No stress 
either 


elongation and 


were reduced to zero, 
undergo chain cleavage. 


cracking was observed at 


exposure 
Buty! 


In general, 


rubber 
butyl rubber 
pears suitable for use only at rela 


doses. The 


material 


tively low radiation 


St rength of the 


tensile 
decreases with increasing irradi 
A damage level of 
reached for hardness at about 5 x 


and for 


ation 25° is 


10° ergs per gm, tensile 


strength and elongation at about 
The material 


shows no evidence of stress crack 


10° ergs per gm 


ing after irradiation 


generally have equal or better radiation resistance than elastomers 


general, the radiation resist 


1s equal to, or 


The pla 


resistance to 


plastics 
, 

, €lastomers 

the highest 


include: polystyrene, 


ineral-filled phenolics and poly 
laminates, poly 


nher . 
pit nolic 


polyethylene terephtha- 
chloride, 


Vinyl 


epoxies 
glass-reinforced silicones (se¢ 

These materials are un 
doses varying from 10 


r gm (C), and are 


at doses varying 


ergs per gm (( 
intermediate r: 

e in¢ ] ide 
formaldehyde, unfilled 


nol-formaldehyde and _urea-for 


maldehyde. These materials 


unaffected by 10° to 10° ergs 


gry ( ind are damaged 25 
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dosages over 10° to lf rgs pel 
gm (C 

The poorest radiation stability 
is exhibited by the 
Teflon, ind 


polyesters and silicones 


cellulosics, 
polyamides, unfilled 
Damage 
occurs in the 


t 
10° to 10° ergs per gm 


1 
these plastics 


and they are damaged by 25‘ 


+ 


at dosages ranging from 3 x 10 
to 6 x 10° ergs per gm (C 
Amino resins 

This group of resins comprises 
urea-, melamine- and aniline-for 
maldehyde The 
urea-formaldehyde 
The 


is unaffected up to 8 5 x 10° ergs 


resist 


radiation 


ance of s about 


average for plastics material 


per gm (( and is damaged by 


25% at 5.1 x 10° ergs per gm (C 


Melamine-formaldehyde has 


slightly better resist 


radiation 
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being unaffected up to 7.5 x 


ance, 
10° ergs per gm (C) and damaged 
by 25% at 10 
When filled with cellulosic mate- 
rials, both urea- and melamine 


formaldehyde become brittle, blis- 


ergs per gm (C 


ter, swell, and crumble on exposure 
to gamma radiation 
Cellulosics 

Cellulosic polymers such as cellu 
lose acetate, cellulose acetate buty 
rate, cellulose nitrate, cellulose 
propionate, and ethyl cellulose ars 
radiation-resis 
tant Their 


physical properties (except break 


among the least 


plastics materials 
deteriorate rapidly 
Cellulose 


one of 


down voltage) 
under gamma radiation. 
acetate, considered to be 
the more radiation-resistant cellu 
suffers 25% damage at a 
2x 10° 


losit 8. 


ergs per gm (C 


dose of 








Amino Resins 


Cellulosics 








Epoxy Resins 
Polyethylene 

Teflon 

Phenolics (Unfilled ) 
Phenolics (Mineral Filled) 
Phenolic Laminotes 


Polyamides 





] Insipient to mild damage 





Polyesters nfilled 


C3 Moderate damage 
ME Severe domage 





Polyester Laminates 
Silicones 
Silicones (Glass Reinforced 


Polystryene 














Polyviny! Chloride 


3 Relative stability 


Epoxies 

Epoxy resins have comparatively 
high resistance to radiation and 
do not deteriorate at doses up to 
9.5 x 10 
radiation 


ergs per gm (C). Their 

stability is greatly 
affected by the curing system and 
reactive diluent used (Colichman 
and Strong). Best radiation re- 
sistance is obtained with aromatic- 
type curing agents such as 
m-phenylenediamine and pyromel 
litic dianhydride. Such systems 
are stable to at least 10'° ergs per 
gm (C), the maximum exposure to 
which the materials have been 


subjected. 


Best radiation resistance is ex- 


hibited by epoxies with high dis- 
tortion temperatures (such as 
those cured with pyromellitic di- 
Based on _ limited 
epoxy-phenolic systems 


anhydride). 
studies, 
also have very good radiation sta- 
bility and maintain their proper- 
ties up to 10" ergs per gm (C). 
Polyethylene 

Polyethylene is unaffected by 
radiation at 2 x 10° ergs per gm 
C) and accrues 25% damage at 
9 x 10° ergs per gm (C). At doses 
greater than 10° ergs per gm (C) 
the material starts to become flex- 
ible and rubber-like. With con- 
tinued exposure it becomes a cross- 
linked material that is somewhat 


brittle and cheesy. Although the 


10® 
Exposure, ergs 


7 radiation. 


polyethylens 


increases with initial irradiation, 


tensile strength of 


it begins to decrease at about 10** 
ergs per gm (C) and becomes 25% 


lower than its initial value at 
about 10°? ergs per gm (C 
Polyethylene films show consid- 
erable property changes between 
4x 10° and 9 x 10° ergs per gm 
(C). The fact that the material is 
subject to oxidation during irra- 
diation may explain why thin 
films are degraded at lower doses 
than heavier sections. 
Polyethylene containing carbon 
black and an oxidant appears to 
tensile 


lave slightly better 
i light] bet 


strength but elongation 


than standard polyethylene. One 


poore - 


high density material exposed at 
8 x 10° ergs per gm (C) shows an 


increase in tensile strength, a 


drop in elongation, and some 
brittleness. Thus, it appears that 
the high density material is 
slightly more resistant than stand- 
ard polyethylene, but not enough 


to make it more serviceable. 
Fluoroethylene polymers 
Fluoroethylene polymers art 
highly 
damage. A 
does not crosslink; instead, the 
fluorine 
reacts to break a carbon-to-carbon 
This contributes to poor 


susceptible to radiation 


fluorinated material 
atom is liberated and 


bond. 
radiation resistance 


Rubber o-ring 


Organic materials: 
before and 
after irradiation 


Chlorinated polyether gasket 


Polystyrene sheet 


Teflon is one of the least radi- 
ation-resistant plastics. However, 
because of its exceptionally good 
heat and chemical resistance, it is 
desirable for applications where 
relatively low radiation exposures 
are anticipated. Threshold dam- 
age for the material is about 2 x 
10° ergs per gm (C), and 25‘ 
damage occurs at about 3.5 x 10 
ergs per gm (C) (Collins and 
Calkins). Exposures may be in 
creased in some applications, par 
ticularly in contact with oils. 
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TABLE 11—EFFECT OF IRRADIATION ON PROPERTIES OF PLASTICS LAMINATES- decreases 
very rapidly, changing by 25% at 


(and impact strength) 





Irradiation about 5 x 10° ergs per gm (C 
Flexural Mod 
— ; Polyesters 
iV” pSi sgge 
Unfilled 


radiation resistance and tend to 


Exposure Temp, Exposure Time polyesters have 


ergs/gm (C) F hr 


poor 





harden and develop small cracks 


ne (flexure test) None Room None 


85x] Room 200 during exposure. Although their 


50( 
SO 


501 


Heat Re 


mopression test | Room 


re | 


(flexure test None Room 


85x Room 


None 50¢ 
“ih 
0! 
SUI 


0, 


stant Epoxy Room 


A 








Phenolics 
Unfilled 


tively poor radiation 


phenolics nave rela 


resist 


ance 


+ 


inder irradiation they swell, be 
come brittle and crumble. Damage 
25° occurs at 10° ergs per gn 


and tensile and = impa¢ 


strengths of the materials drop off 


about 50 at3 x10 
C Also, a 


formed during irradiation whict 


ergs per gm 

soluble product is 
ses the materials to disinte 
ater (Sismar 
stability Ci 

adding fille rs 

fillers 


maldehyde with an 


particu 
lineral Phenol-for 
asbestos filler 
excellent stability and is 
more radiation-re« 


possibly because 
vely high heat sta 
It is unaffected by radiatior 


more than 4 x 10 
have peen 

ergs per gn 

at room temperature without 


ing threshold damage As 


show! in Table aminates 


irradiated to 2 x ergs per gm 
( at 900 F for 50 hr have 
shown flexural strength equivalent 


o unirradiated laminates also ex 


posed to 900 F for 50 hr 


Polyamides 
Ny lon loses 


about the same 


crystallinity at 
dose as polyethy 
ne, 10° ergs per gm (C), and as 
a result of this loss in crystallinity 
it becomes more transparent Ny 
lon crosslinks when irradiated, but 
joes not harden or become brittle 
is fast as polyethyle ne 

Nylon fiber shows a rapid loss 
in strength when irradiated in air 
Conversely, he tensile strength 
of nylon sheet increases with ir 
radiation, in a manner similar to 
polyethyle ne (Sisman and Bopp 
Nylon sheet 


damage at 9 x 10 


C), and 


reaches threshold 
ergs per gn 
damage at 5 x 10 
ergs per gm Tensile strength 
increases 25° at about 10'' ergs 


However. r longatior 


per gm 
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radiation stability varies some 
what, properties begin to change 
between 10° and 10 


+ Both 
strengths decrease, although ten 


ergs per gm 
tensile and impact 
sile strength may increase at first 

Allyl diglycol carbonate (used 
as a casting resin or adhesive) is 
one of the more radiation-re 
sistant polyesters. It is unaffected 

5 x 10° ergs per gm (C 

and is damaged by 25% at 9 x 10 


ergs per gm (C Elongation of 


this material increases to a 
mum of more than 250‘ 
x 10'" ergs per gm (C 
decreases rapidly 

The radiation stability of poly 
esters can be increased up to 100 
fold by adding mineral fillers. One 
mineral filled alkyd, for example, 
change in 


doesn’t show any 


physical properties until about 


10'’ ergs per gm (C), as compared 
to 10° or 10° ergs per gm (C) for 
the unfilled material (Sisman and 
Bopp Deterioration of 25 of 
the filled alkyd is attained at 4 x 
10'' ergs per gm (C) after which 
properties decrease rapidly 
Irradiation of Mylar polyeste1 
film produces no change in tensile 
r 


dose s 


strength and elongation a 
up to 3 x 10° ergs per gm (C 
However, the film does darken and 
after 
Sisman and Bopp 


become brittle irradiatior 


Silicones 
Silicones show a wide variatior 
in radiation stability. The pres 


ence of phenyl groups in_ thi 


silicone chain increases radiatior 


stability, and the presence ot 


methyl groups increases flexi 


bility. Since silicone resins gen 


erally have a phenyl! content they 
have reasonably good radiation 
resistance. 

The radiation stability of sill 
cone resins is improved when they 
are reinforced with glass fibers 


Glass-reinforced silicone lami 





ates reach threshold damage at 
about 10'' ergs per gm (C) at 
room temperature. However, ten- 
sile strength does not drop off 
until 2.5 x 10°! ergs per gm (C) 
(Keller). 

Asbestos-silicone laminates show 
no apparent change in properties 
up to 1 to 2 x 10'° ergs per gm 
C). Tests made at 6 x 10°” ergs 
per gm (C) show a drop in tensile 
strength of 10%, a decrease in 
shear strength of 5%, and a 5% 
increase in both hardness and spe 
cific gravity. 


Polystyrene polymers and 
copolymers 

In terms of change in physical 
properties and hydrogen evolu- 
tion, polystyrene is one of the 
most radiation resistant plastics 
Polystyrene’s stability is believed 
to be due to the dissipation of 
radiation energy in the benzene 
ring structure. It undergoes 
threshold degradation at 10'° ergs 
per gm (C) and 25% damage at 
doses greater than 4 x 10" ergs 
Exposure at 10'* ergs 
appears to start a 


per gm (C 
per gm (C 
wholesale disruption of the poly 
styrene molecule (Billinton). Al 
though there appears to be a post 
irradiation oxidation effect on the 
material, the effect of this phe 
nomenon on physical properties is 
not understood. 

Styrene copolymers’ generally 
have poorer radiation stability 
than styrene polymers. For ex 
ample, SBR, a copolymer of sty 
rene and butadiene, is less re 
sistant to radiation than polysty 
rene. Also, modified high impact 
strength styrenes lose their im 
pact strength rapidly when irradi 
ated until they are no better than 
modified polystyrenes. This indi 
cates that the modifying agent is 
affected rather than the polysty 


rene itself. 


Vinyl polymers and copolymers 

Because of the variety of vinyl 
compositions that are available it 
is not surprising that their radia- 
tion resistance varies over a wide 
range 

Polyvinyl carbazole is one of the 
most radiation-resistant plastics 


It has a threshold damage of 9 x 
10° ergs per gm (C) and is dam- 
aged 25% at about 4.5 x 10"! ergs 
per gm (C). However, applications 
of the material are limited be- 
cause of its brittleness. Polyvinyl 
carbazole is affected at doses 
lower than those that affect poly- 
styrene, but both materials are 
damaged 25% at about the same 
dose. 

Polyvinyl chloride (PVC) has 
about the same radiation stability 
as polyethylene. Its properties be- 
gin to change at 2 x 10° ergs per 
gm (C); it is damaged by 25% at 
10'’ ergs per gm (C). The libera- 
tion of hydrogen chloride during 
irradiation makes the material un- 
suitable for many applications in 
a nuclear environment. 

Polyvinyl butyral is unaffected 
by radiation at 5 x 10° ergs per 
gm (C). Upon irradiation, the ma- 
terial first softens and then be- 
comes more brittle (Bopp and Sis- 
man Its tensile strength de- 
creases rapidly after 10° ergs per 
gm (C), and 25% damage accrues 
at a level of 2 x 10° ergs per gm 
(C). 

Polyvinyl formai is similar to 
polyvinyl butyral in its properties 
and applications. However, its 
radiation resistance is better than 
the butyral, but slightly poorer 
than PVC. It has a threshold dam- 
age of 1.5 x 10° ergs per gm (C 
and 25% damage occurs at 8 x 10° 
ergs per gm (C 

Polyvinylidine chloride (saran 
softens, becomes black, evolves 
hydrogen chloride, and decreases 
in tensile strength when irradi- 
ated (Javitz Its threshold dam 
age Is 4 x 10° ergs per gm (C), 
and 25° damage occurs at 4.5 x 
10° ergs per gm (C 

Vinyl chloride acetate behaves 
like  saran when irradiated. 
Threshold damage is reached at 
1.5 x 10° ergs per gm (C), and it is 
damaged 25% at a level of 3 x 10° 


ergs per gm (C). It turns black 


after a very short period of ir 
radiation. However, even before 
changing color it starts to soften 
and elongation increases by well 
over 500% before a dose of 5 x 
10° ergs per gm (C) has been 
reached (Javitz). 





How About 
Electrical and 


Electronic Components / 


Semiconductor devices in gen 
eral are more susceptible to 
radiation damage than most 
other electronic components. 
Their use in a stringent nuclear 
environment (say 10" to 10 
fast n per sq cm) causes many 
problems such as: permanent 
damage produced by fast neu 
trons, induced voltages pro 
duced by ionizing radiation, and 
high ambient temperatures. 

Electron tubes having hard 
borosilicate glass envelopes are 
not suitable in a radiation field 
because fractures develop in the 
glass. Otherwise, tube operation 
does not appear to be affected 
by exposure to 10” fast n per 
sq cm. Ceramic encased tubes 
appear capable of operation at 
high temperatures and may be 
radiation resistant. However, 
these tubes are difficult to pro 
duce, Photo-tubes develop a 
transient background current 
dependent on radiation intensity. 

Capacitors containing ceramic, 
glass, mica and Mylar can be 
used at fast neutron exposures 
of 10" n per sq cm and gamma 
exposures of 10" ergs per gm 
(C). Plastic, electrolytic, and 
oil-filled or oil-impregnated ca 
pacitors are extremely suscepti 
ble to radiation. Oil-filled ca 
pacitors degrade by oil leakage 
and gas evolution in the neigh 
borhood of 10" fast n per sq cm. 

Resistors of the wire wound, 
carbon composition and film 
types are generally suitable in 
a radiation environment of 10 
fast n per sq cm and 10” ergs 
per gm (C). 

Electrical insulation failures 
in nuclear radiation environ 
ments are primarily due _ to 
physical and mechanical deterio 
ration of the materials rather 
than to gross changes in their 
dielectric properties. 

Printed circuit boards are 
subject to serious degradation 
in a radiation environment. De 
pending on the type of boards 
used, they exhibit deterioration 
of the base material, develop- 
ment of leakage paths; and 
loosening and corrosion of the 
conductor strips and terminals. 
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Organic fluids 


can have composition adjusted to provide compromise of properties 


Lubricants 

The radiation tolerance of g: 
lubricants from 
ergs per gm (C). Al 
ethers 


turbine ranges 
10° to 10 
though polyphenyl show 
very good radiation resistance, it 
appears that hydrocarbon fluids 
such as highly refined mineral oils 
ind alkyl aromatics may offer the 
best compromise of stability (ra 
diation, oxidation and thermal 

lubricity and low temperature 
Limited data indi 


there 


performance 
cate that for each fluid 
exists a critical gamma exposure 
below which radiation exerts little 
or no effect. With some hydro 
carbon fluids this exposure may be 


r than 10° ergs per gm 


Fuels 
Various tests on commercial j« 
their radiation 


+ 


fuels show that 
tolerance is about 10'° ergs per 
gm (C). The effect of irradiation 
on the thermal stability of jet 
important 


fuels is particularly 


Indications are that saturate pe 


+ 


troleum fractions and synthe 


fuels have the best stability 
Hydraulic fluids 
ethers 


Polypheny] show out 
standing stability [10° ergs pe} 
gm (C for high temperature ap 
plications where pour point is not 
Alkyl diphenyl ethers 
have slightly lower pour points but 


are somewhat less stable than the 


critical. 


unsubstituted 


As witl 


polyphenyl ethers 
alkyl aro 


lubricants, 


matics may offer the best balance 
in pour point and stability. 
Heat transfer fluids 

The terphenyls show the high 
est radiation resistance and are 
recommended over other heat 
transfer materials for high radia 
tion exposures. Of the terphenyls, 
the para isomers show the great 
est resistance at low exposure. At 
higher exposure the three isomers 
approach one another in stability 

Monoisopropylbiphenyl, bi 
phenyl, diphenyl ether and sili 
cate esters also appear to possess 
good radiation stability. Ethy- 
lene glycol, chlorinated diphenyls 
DC-710 phosphate 


esters are resistant to about 8.5 


silicone, and 


x 10° ergs per gm (C 
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Some Leather Materials 


(Listed by Intended End-Use) * 





Class, Grade, Type, Tannage 


Unit, Finish, Special Requirements, Selection 





Automotive, Military 

Cattlehide, Chrome Tanned Strap Pad and Reinforce 
ment (MIL-L-3754) 

Type |—Full Grain Leather 
Grade A—High Strength 
Grade B—Medium Strength 

Type I|—Split Leather 


Bags, Briefcases 

Cattlehide, Vegetable Tanned (KK-L-154) 
Type |—Bag Leather 

Type |1|—Case Leather 


Belting— Fiat for Power Transmission 

Cattlehide (no bull or stag), Vegetable Tanned (KK-B-201) 

Type | 
Class 2 
Class 3 

Type Il 
Class | 
Class 2 
Class 3 


Medium (10-11.5 oz) 
Heavy (12-14 02) 


Light (17-18.5 oz) 
Medium (19-20.50 07) 
Heavy (21-24 oz) 


Packings, Hydraulic 
Cattlehide, Chrome Tanned (MIL-L-13188) 
Type |—Selected Pieces 
Class 1—Nonimpregnated 
Type ||—Formed Leather Parts 
Class 1—Nonimpregnated 
Class impregnated 


Packings, Hydraulic 

Cattlehide, Mineral Tanned (KK-L-163) 
Type |—Regular 

Type I1|—Noncorrosive 


Packings, Hydraulic (use temp not to exceed 175 F) 
Cattlehide, Chrome-Vegetable Retanned (KK-L-231) 
Light (7-10 0z) 

Medium (10-13 oz) 

Heavy (13+-0z) 

Packings, Gaskets (use temp not to exceed 122 F) 
Cattlehide, Vegetable Tanned (KK-L-157) 

Light, Medium, or Heavy 


Straining Gasoline, Orthopedic Devices, etc. 

Chamois (Sheepskin), Oil Tanned (KK-C-300) 

Class 1—Pocket Shaped, Sizes A-F 

Class 2—Natural, Skin Shaped. Sizes: Smali, Medium 
Large 


Upholstery, Furniture and Auto 

Cattlehide, Tannage Either Mineral, Vegetable, Synthetic 
or Combinations (KK-L-291) 

Type |—Top Grain 

Type !|—Top Grain, Snuffed 

Type |!1—Machine Buff 

Type |V—Deep Buff 





Unit: Strap, buckle pad, reinforcement; large piece. Finish: Type |[—Full grain or slightly 
snuffed. Type |!!—Smooth, firm surface. Retan leather may be used subject to approval of 
purchaser. Flexibility of Type |: 1 in-lb max; for % in. span, 60-deg bend. To maintain 
reasonable flexibility at —65 F. Shrinkage: Type |—5% max; Type !I—10% max. Mold 
resistance: Treatment according to MIL-L-10331; no mold growth in 95% or higher RH 


Unit: Side. Finish: Full grain or corrected; smooth, boarded, or embossed in fine or coarse 
18 sq ft min. Mold resistance: Condn A—treated; Condn B—untreated. 
Free of defects; B—6% cutting loss; C—12% 


grain. Area 
Crocking resistance: Good. Selections: A 
cutting loss 


Unit: Strip (from belting butt). Finish: Smooth unpolished (no stretcher marks). Mold 
treated; Condn B—untreated. Defects (grub holes) to be specified 
Thickness tolerances: Type |, +%a, -%4 in.; Type Il, +%4 in. Curvature of joined strips 

in. max. No piping over mandrels as follows: Type |, Classes 2 and 3—3 in.; Type II, 
4 in.; Class 2—6 in.; Class 3—8 in. Cementing type: waterproof 


resistance: Condn A 
Class | 


A - 
Unit: Piece or formed part from belting butt. Finish: Full grain. Impregnation as specified 
No hard spots or grit. Noncorrosive to metal Shrinkage 5% max. No wrinkling after 
cracking and hand flattening to original state. Moldability, of Type | only, to be tested to 
Analysis: Soluble chlorides—0.30% max; soluble sulfates 


purchaser's directions 


0.30% max 


butt bend. Finish: Full grain. Shrinkage: 5% max. Analysis: Soluble chlo 
0.30% max. Selections: A—free of defects; B—6% 


Unit 


rides 


Belting 
max; soluble sulfates 


utting loss 5 Cutting loss 


Unit: Bend, or belting butt bend. Finish: Full grain. Shrinkage on treatment with gasoline, 


air, 5%; water, 5%. Selections: A—free of defects; B—each unit, 1 brand 
1.). 25% of units with 3 surface scratches (15 in. max), 15 healed grub holes 


Unit: Bend or belting butt bend. Finish: Full grain. Water absorption: max 15% in 30 min. 
Mold resistance: treated as specified. Selections: A—free of defects; B—6% cutting loss; 


C—12% cutting loss 


Unit: Skin. Finish: Flesh split (suede finish, both sides). Area (in min sq in.): Class 1 

Size A, 145; B, 220; C, 290; D, 380; E, 460; F, 520. Class 2—Small, 450; medium, 575 
large, 675. Water absorption, 4.5 gm water per gm leather per min. Water removal by 
wringing, 2.5 gm per gm leather per min. Time of wetting: 30 sec max. Removal of water 
from gasoline: 100% in 60 sec max. Analysis: Iron and aluminum oxides, 1.0% max; free 
% max. Selections: Free of cockle, holes, thin spots or mends. Max 


ie) 


formaldehyde, 0.5 
scar area: 2 Sq in. 


Unit: Hide. Finish: a—smooth; b—boarded, hand or machine; c—embossed in fine grain; 
d—embossed in coarse grain. Area: Types | and 1|—47 sq ft min; Types Il and IV—40 sq 
ft min. No cracking at 32-deg double-folded bend. No tackiness. Crocking resistance 
good. Dye penetration for Types | and II full depth of grain. Selections: A—75% of units 
defect-free; max defective area of each remaining unit 50 sq in. B—100 sq in. max defec 
tive area in each unit 





*Extracted from Summary of Specification Requirements for Military Leather, Headquarters, 
Quartermaster Research & Engineering Command, U 


€ For more information, circle No. 434 


Single ply. 


S. Army, Sept 68. *Double ply. 
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NEWS IN PLASTICS 





ESCON POLYPROPYLENE 


assures economical production of sure-sealing closures! 


ther interesting use of \ torque strength; fatigue better than HOME OFFICE: 15 West 5lst 
the se: any other thermoplastic; and allows Street, New York 19, N. Y. OTHER 
brilliant coloring. Escon makes ex- OFFICES: Akron « Boston * 
cellent hinge closures with under-cut Charlotte « Chicago « Detroit « 
1 stiffness necessary locks plus snap closures that pop on Houston « Los Angeles + New 
This combined with its and off. In addition, Escon provides Orleans « Toronto « Tulsa. 


osures, 
iuse the versatill 


thin sections for a posi- 


nap back provides full, auto many more properties. Escon can 
n with stripper plate help produce better closures as well 
ned on short cycles as countless other products. Investi- 
opylene is the world’s gate Escon today! For technical 
ylastic, Escon yields more assistance or to order Escon, contact 
pieces per pound. It also exhibits high the nearest Enjay Office 


P rTR< HEM 


ENJAY CHEMICAL COMPANY 
PLASTICS 
A DIVISION OF HUMBLE OIL & REFINING COMPANY 


For more information, turn to Reader Service card, circle No. 
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..- AT A GLANCE 


Stainless steel automobile mufflers may provide the best solution to the problem 
of muffler failure on modern cars. In a 2-year test run, involving more than 30,000 
miles of stop-and-go driving, the mufflers, fabricated from type 430 and 302 stainless, 
showed no sign of corrosion or failure. 

ree: Committee of Stainless Steel Producer \ISI 

Ceramic tooling is now being used for precision soldering of diodes, recti- 
fiers and electrical connectors. The ceramic boats and inserts are said to be: 1) 
resistant to wetting by molten solder, 2) capable of withstanding temperatures up 
to 2000 F, and 3) as hard as tool steel. In addition, ceramic’s very low rate of 
thermal expansion permits extremely close tolerances—the 10 x 10-in. boats or 
0.062-in. inserts can be held to tolerances of +0.0001 in. 


ree: Duramic Product Ir 


z ¢ 


switch from sand cast aluminum to die cast zinc has resulted in a 75‘ 
cost saving in the design of a commutator mounting bracket for a stenciling machine 
Although the primary advantage of the change was reduced cost—the zinc part now 
costs only $1 as compared to $4 for the aluminum part—the change provided several 
other benefits: machining was reduced from 21 operations to simple trimming; die 
cast zinc has greater tensile strength than sand cast aluminum; the redesigned part 
is less bulky and has thinner walls; and it has a smoother surface. Moreover, toler- 
ances are now held to +0.002 in. on mounting surfaces and to within +0.005 in. 
for the hole spacing. 


Glass-reinforced polyester fuel tanks are now being used on heavy diesel trans- 
portation trucks. Primary advantage offered by reinforced plastics is a weight sav- 
ing of up to 190 lb per tank. Other advantages include: corrosion resistance, freedom 
from maintenance, high resilience and elimination of in-tank condensation. The 
tanks are available in 40 and 100-gal sizes. 


Source: Apex Reinforced Plastics Div., White Sewing Machine 


Tungsten-coated graphite rocket nozzles are now being tested for various rockets 
and missiles. The graphite nozzles ave protected by a coating of up to 14-in. thick, 
high density tungsten applied by the vapor phase deposition process. The process 
is said to provide high purity, tenacious coatings. 


What may be the first all-aluminum sea water distillation unit is now being 
developed by the U. S. Army. Presently used de-salting equipment is made from 
cupro-nickel. The all-aluminum unit is expected to offer these advantages: lighter 
weight, greater capacity, better fuel economy, and the elimination of large amounts 
of nickel. Aluminum units now being tested show very little tendency to corrode. 


Source U.S. Army Engineer Research and Development Laboratories 
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parts replace 
and reduce assembly costs 





Product design created produc 
tion problems. Solid strip was dif- 
ficult to obtain. It was replaced 
by a Roll Formed U channel 
which weighs 55 % less. Many 
cut hands resulted from old chan- 
nels. Hemmed edges on special 
Roll Formed shape eliminated 
this hazard. Dimensions are iden- 
tical and structural strength is 
improved. Over-all appearance 
is decidedly improved. 


These two Roll Formed 
Shapes replaced these three— 
two channels and a strip. 


Old assembly required 10 
welds — 6 on channels and 4 in 
assembly. Roll Formed shape 
requires just 4 tack welds in 
assembly. One supplier and just 
two components permit deliver- 
ies keyed to production needs. 
Hemmed edges on H shapes 
eliminated cut hands on assem- 
bly line. 





Bookkeeping reduced by elimi- 
nation of one item. Deliveries on 
time and keyed to production 
needs. Total costs on purchased 
items and assembly time were 
drastically reduced. Shipping 
weight reduced and net profit 
on the completed item was 
increased. 


Your sections can be produced in: carbon, galvanized and stainless 
steel; aluminum, copper, zinc and clad metals. Tubing, shapes, channels 
and angles can be punched, notched, pierced, cut to length and delivered 
burr-free to match your production schedule. 


Probably yes. The Roll Formed man can tell you. He'll go over your 


prints... 


work out an applicable section . . 


. plan deliveries with you. 


Meanwhile, you'll want Roll Formed Bulletin 1017. It shows how Roll 
Formed techniques give greater design freedom, increase production and 
help eliminate purchasing headaches. Get Bulletin 1017 today. 


a SEE OUR | 
\CATALOG IN 
ee 


MAIN OFFICE AND PLANT 


ROLL FORMED PRODUCTS 


& OA FA YT 


3752 OAKWOOD AVE. 


YOUNGSTOWN, OHIO 


For more information, turn to Reader Service card, circle No. 362 


140 *« MATERIALS IN DESIGN 


ENGINEERING 





Start 
with 
the 
Graphite Cuts Cost Finish 


PORCELAIN ENAMEL 





of Centrifugal Casting Dies 
in Short Runs 


Designers of centrifugal casting Graphite has good FOR 
lies are finding that graphite makes combination of properties SMALL PARTS 
an excellent die material because of Graphite’s suitability as a die ma 
ts suitability for cut-and-try die d terial stems from a number of prop- | ON 
signs and fo short production runs erties. It dos not react w 
! ; rties. oes no act ith most 
s - * 
Dies can be altered molten metals. Carbon pickup is STEEL COPPER STAINLESS 
Centrifugal casting dies for long negligible when casting low carbon 
production runs frequently have to stainless steels, and even an ex for resistance to 
be changed in the early stages before tremely “carbon-hungry” metal like @ acids and alkalis 
the right design is arrived at. Or titanium has been cast success: cay . 
dinarily, cast iron or steel dies would Graphite’s strength actually in © corrosion 
be prohibitively costly for prototype creases with temperature. Furthe. @ moisture 


Witl graphite, economica more, due to its high thermal con P 
hanges can be made in the die as ductivity and low Young’s modulus, © eaten 
ts design is perfected and chang the material resists thermal shock. | @ heat and cold 
ire made. It also has a very low thermal ex @ oils and solvents 
Graphite also proving valuable pansion and high strength-to-weight | 
yr short run centrifugal castings atio 
re more costly metal dies can Excellent chill characteristics are | @ permanence 
be justified by the size of th also demanded of a centrifugal di ®@ cleanliness 
Furthermore, in some com material. Chill effect is roughly the — 
simply the product of mass and specific heat © Ree-eeERG 
F will satis Since graphite has abc wice the @ non-fading 
factorily do th »b specific heat of iron and three times 


@ high reflectivity 


® beauty 


Services and Facilities . 


Automatic, precision equipment 
permits you to take full advantage 
of porcelain enamel finishes at 
prices well in line with 
competitive, less suitable 
materials. Intricate silk screened 
designs a specialty. 

Aluminum radar antenna component had to be made by centrifugal cast 


ing because it was the only method that would provide necessary strength and Write for literature 


: . : PORCE necriic 
density. De spite the parts unusual size and shape , Wisconsin Centrifugal NS AW and specific proposals 
Found? y was able [oO SUucce ssfully cast it in a th ree-piece g raphite mold. The be, y , A on your requirements. 


~ 

mold was de signed for prototype production with the stipulation that perma = Ss 
mn 
nent metal dies would be made when and if the part went into full production. v9 y.\ 
However, when the government approved the radar equipment it specified EN mS 
oN F 

S Oa i 

RAMIC_S 


COMPANY 
ERIE, PENNSYLVANIA 


immediate delivery and there was no time to make metal dies. The graphite 
development dies were taken from storage and successfully used in meeting 
the tight production schedule. 





For more information, circle No. 425 > 





Zz 


4 


Our fabulous serpentine 
forming facilities 
may save you 
MONEY! 


GM Steel Tubing serpentines are “‘profile’’ checked 
for close adherence to your specifications. Dimension, 
flatness, pressure and cleanliness tests insure the 
reliability for which GM Steel Tubing is noted. 














AMERICA'S LARGEST MANUFACTURER OF REFRIGERATION TUBING 


For more information, turn to Reader Service card, circle No. 411 
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SELECTIVE 


with the 


DALIC 
PROCESS 


— brace for jet bomber is another example of complicated part requii 
} The type 410 stainless steel part (shown in various 

jhs 14 lb and is made by centrifugal casting because 

prication methods couldn’t co pete ? quality and 


1e in graphite (right) ifter the design 


re made of alloy ca 


Precision- plating a roller, 


FOR QUICK PRECISION PLATING 


‘ 1 Building-up worn or over-machined 
1000-Ib screw-down nut casting parts to exact size, 
2 Plating isolated sections——saves ex- 
tensive masking. 
3 Fitting bearings to close tolerances, 
Selective stopping-off prior to carburiz- 
ing or nitriding, 


(left) hown alonaside 
old. Mold is about 20 in. longa and 


n dia 


; 


graphite 


No Immersion Tanks. 
Mobile Equipment. 
With a Dalic power pack, plating tools 
and solutions you can plate many jobs 
; Be . a quicker at lower cost than with stop- 
Two grades of graphite used ; i eo ae eee ping-off and bath plating. Deposits 
¢ % accurately controlled. Use anywhere 


All of the part hown in the a 
in your shop, 


mpanying photographs were mad 
D W iscons Cent fugal ‘oO da r a / . . * 
- ge eage a undry, ~~ wy ’ Dalic Plating Solutions 
a and ts atlhiiate, isconsin a ; j e . 
os 7 . i oM : 4 a j f Bismuth, Brass, Cadmium, Chromium, 
somamo es -_ — — Cobalt, Copper, Iron, Lead, Nickel, 
Cor} Most of the graphite used by ” Tin, Zinc, Gallium, Gold, Indium, 
these two companies is a fine-grained had "Sn Palladium, Platinum, Rhodium, Silver, 
CS or ATL grade manufactured by ” ' and alloys, 
National Carbon Co. These two 


grades are noted for their good ‘ m 
ponte ‘s “an . S Three other centrifugal castings 
structure and uniform grain size in ; 
= shown alongside their tphite molds SIFCO 

the various sizes in which they are Stainless * ey eer of ps a ; ‘ METACHEMICAL, INC. 
produced. They have excellent ma . a eee ak gore Coat ' 935 East 63rd Street © Cleveland 3, Ohio 

vorthy E CAUSE of ats oC shaper idi 
chinability and can be given a very : ; aped A Subsidiary of 
ac Neate: tale qunein flange. Heavy-wall stainless flange The Steel improvement & Forge Co, 

E ™ ; bushing (middle ) 18 used im nue le ar AGENTS 

power plant. Small stainle ss steel 
MARLANE DEVELOPMENT (0, OHIO METACHEMICAL, TNC. 


bushing (bottom) goes in hydrauli 153 East 26th Street 2742 Second Street 

Wew York 10, N.Y. Cuyahego Falls, Ohio 

More Materials at exte rnal bosse S. flange s and counter PIDDINGTON & ASSOCIATES LTD. D&S AVIATION CO. LID 

Work on p 144 bor 3219 East Foothill Blvd, 671 Laurentides Bivd 
a Pesodene, California Bont View, Montreol, Quebec 


Write for Descriptive Brochure. 


control systen > note complexity of 


For more information, circle No. 348 
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iltee =Leke) 0 
can help 
solve 
Felts 
wire 
problems 


Wire shaped 


to fit your design... 


e If your design involves wire with 
special or unusual cross-section, PAGE 
shaped wire can save material, elimi- 
nate machining, forming, forging or 
similar operations. When you specify 
PAGE shaped wire, you get these addi- 
tional advantages: 

The shape you need e pace can 
furnish all of the standard shapes, such 
as squares, ovals, flats and keystones, 
as well as hundreds of special shapes 
made to your own drawings and speci- 
fications 

Extra strength e pace shaped wire is 
stronger than hot-rolled material. The 
cold drawing of PAGE shaped wire 
increases tensile strength, yield point 
and hardness—improves both wear 
resistance and machineability. 


Many grades of steel « You can 
specify low carbon, high carbon, alloy or 
stainless steels, and Armco ingot iron. 
We'll be glad to recommend the steel 
best suited to your application. 


Accuracy e Both the cross-sections 
and contours of PAGE shaped wires are 
extremely accurate, the result of careful 
cold-drawn or cold-rolled processes in 
our mill. 


Packaged right « pace shaped wire 
is furnished in either standard or special 
coils of exact weight. Straightened and 
cut wire is available in either exact or 
random lengths. It’s packaged in bare 
bundles, wrapped in waterproof paper, 
burlapped, in cartons, boxes, Lever- 
paks, or in other ways to meet your 
requirements. 


Write for Bock e DH-1226 contains data on carbon and alloy steel 
weights—explains how to calculate areas of common shapes—lists physical 
properties of steel wire. Write us at Monessen, Pa., for a copy. 


acco PAGE MANUFACTURERS WIRE 


Page Steel and Wire Division - American Chain & Cable Company, Inc. 
Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, Los Angeles, New York, 
Philadelphia, Portland, Ore., San Francisco, Bridgeport, Conn. 


Die Cast Zinc Cam 
Solves Design Problem 


The change from machining to 
automatic zine die casting has solved 
a tricky production problem in th 
design of an improved electrica 
terminal board. 

Special cam is key to 
improvement 

The problem involved the produc 
tion of a tiny V-groove cam—the 
heart of the connector. According 
to Willor Mfg. Co., the redesigned 
connector called for the cam to elim 
inate all clips, lugs, crimps, plugs, 
or screw fasteners. The tiny cam 
(see accompanying photo) had to be 
less than 11/32 in. in overall length 
and only % in. in dia. It had to 
have a screwdriver slot at one end, 
a small pivot boss at the other end, 
and a V-groove in the center. 

As the cam is turned on its pivot, 
the groove forms a triangular open 
ing with the wall of the terminal 
board. One or more bare wire ends 
can then be inserted between the 
cam body and cell wall and as the 


here 8 


ially designed cam is 


PAG E 
The source for answers To wire, problems 


For more information, turn to Reader Service card, circle No. 332 


DESIGN ENGINEERING 


Gries Reproducer Corp 
. . » heart of terminal connector. 
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ow it can be told all. The “‘Midas Touch” is nothing but MIDAS SPECS: 2 cubits x | 

a myth. Midas used ColorRold* Stain- poo, voagilng coil, ot i 

. a - . CCCI (302), Rb 82 max. Sun- | 
This engraved marble tablet recently less Steel, developed by Washington | brite gold, 50 glossimeter, 1 mil, 
uncovered in one of the long-lost Phry- Steel Corporation. Gotta give the old | paper interleaved, skidded for 
gian caves shows how Midas fooled the charlatan a lot of credit though—he | open oxcart only. 12 x 10° 

, ane ; 4 . a drachma max, wt. per coil. 

public. This stuff wasn’t 14-karat at knew a good thing when he saw it. 


— 





*ColorRold, an organic coated stainless ‘ WASHINGTON STEEL CORPORATION 


steel, comes in eleven harmonizing colors, 


can be formed and drawn or textured and and ColorRold 


highlighted in an infinite number of de- 


signs and effects, now available for your PRODUCERS OF WicroFeold’ staincess STEEL 
architectural or product needs, A 


WOODLAND AVENUE WASHINGTON, PA, 


For more information, turn to Reader Service card, circle No. 394 
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. Jato shells to 20° x 60” E. Rocket nose cones to 40°x50" 
. Rectifier shells — aluminum F. Rocket tail cones, 4130 steel 
. Rocket cases to 29” x 60” G. Seamless spheres to 10” diam. 


Jato motor H. Falcon rocket motor case j 
“, 


 . 
ee | 


Ideas for missile engineers 


Hackney components—deep drawn shapes, shells and parts—offer 
designers many advantages, including: 


@ great strength with minimum weight 
elimination of heavy castings, forgings, etc. 
maintenance of exact diameters, wall thicknesses 


simplification of assemblies to speed installations 


making parts in ten different metals 


e 
* 
i 
@ naturally smooth surfaces which are easy to paint, clean, maintain 
« 
o 


maximum latitude in designing; for example, wall thicknesses .050” 
to .700”...working pressures to 600 psi...as well as ample design 
latitude in capacities, diameters and depths 


For engineering facts, data on components already 


produced by Hackney engineers for missile and rocket 
projects, write to the address below. 


Manufacturer of Hackney Products Since 1902 


Pressed Steel Tank Company (> 


Li 
1442 South 66th Street, Milwaukee 14, Wisconsin va Se 


Branch offices in principal cities 
“ONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 
For more information, turn to Reader Service card, circle No. 400 
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cam is turned the wires are wedged 
against the wall. Crimping or sol 
dering of lugs or plugs is unneces 
sary and should tension develop i! 


the wires, the cam automatically 


rotates furthe to lock the wires 


place. To disconnect 


more firmly in 
the wires, the cam is simply turned 
n the other direction. 
Machining inefficient 

At first, the cams were machined 
However, this proved inefficient for 
three reasons: 1) the small V-groove 
could not be accurately produced by 
crew machining because it 
a surface if revolution; 
marks and burrs could not be 
or Satisfactorily removed; 
quantity production could 1 
achieved without excessive reject 

By turning to an automatic 
casting technique, most limitatioz 
were eliminated. Now, the cams are 
mass produced with smooth finishes, 
proper tolerances and at a cost about 
20% less than was previously pos 


sible. 


Carburetor Air Filter 
Uses Urethane Foam 


Urethane foam is replacing 
metallic mesh and expanded paper 
type cartridges normally used i! 
automobile carburetor al filters 

According to Du Pont, many of 
the new 1960 models have incorpo 
rated the cuff-shaped foam filter 
because they offer the following ad 


tery 


vantages over previously used filters 
1. They are easily cleaned and re 
placed. 
2. They cost less than 
treated paper 
3. They are more 
metallic mesh filters. 
4. Installation labor 


Washable, re-usable filter snaps 
over metal frame in air cleaner. 





For more than a year AlSiMag Ceramics have been 
molded in compound curves, complicated shapes, 
contours and recesses that open new design possi- 
bilities. They are produced in alumina, and in a 
variety of compositions including leachable ceramics. 


Precision unheard of in the ceramic industry has been attained 
by American Lava in the last few months. Progress has been 
especially notable in high precision sub-miniature ceramics. 
For example, on the part illustrated at left, webs are held to 
© 001" and comparable tolerances are held on concentricity. 


Engineers with designs formerly considered too complex or 
impossible as to dimensional tolerances are invited to send sketches or blue prints. 
Chances are that NOW they can be made in ALSIMAG. 


For more information, circle No. 371 
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etl dae = ee eae Ls a os 
A Subsidiary of . , KS " 
Minnesota Mining and ng £ 
Manufacturing Company 4 
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TALWART _probuces PRECISION CUSTOM 


RUBBER PARTS TO YOUR EXACT SPECIFICATIONS 


for either of the two other air filte 
types; they are elastic and are easily 
snapped in place (see photo) without 
the need for gaskets 

5. They are heat resistant and 
tough. 

The foam used is specially proc 
essed to give uniform porosity and 
a completely open pore structure. 
For increased efficiency, the filter is 
impregnated with oil. 


Hole for Fan Used 
to Make Fan Blade 


A clever use has been made of 
the scrap steel which remained when 
holes were punched for the place 
ment of fans in the casings of space 
heaters: the circular pieces of sheet 
steel are used for the fan blades. 

According to Reznor Mfg. Co 
fan blades were previously made of 
aluminum and purchased from out 
side suppliers. Now the blade is 
blanked from the casing scrap (20 
gage cold rolled steel) in one opera 
tion; the hub, a screw machine part, 
is riveted to the blade; and a spe 
cial machine sets the proper pitch. 


Compounded from all types of natural and synthetic rubber, Stalwart 
custom parts are molded, extruded, cut, calendered, sponged or spliced 
to meet the most exacting performance requirements ... as well as 
all standard specifications established by military and industrial or- 
ganizations. Every Stalwart customer is assured of the highest quality 
plus important production economies . . . through modern production 
facilities, advanced compounding techniques and extensive testing 
facilities. Write us today about your special rubber parts problem or 
check with Stalwart’s Plastics Division for injection molded parts to 
meet your requirements, 


Jones & Laughlin Steel Corp 
Fan blades are fabricated from ma- 
terial left over when hole is punched 
for placement of fan. 


THE WORLD'S LARGEST Send for your 
PRODUCER OF SILICONE copy of the 


CUSTOM RUBBER PARTS — wtaiwert 
atalog. 


165 Northfield Road 
Bedford, Ohio 


Subsidiaries: Jasper Rubber Company 


k U B B E R COMPANY Warren Molded Plastics, Inc. 


For more information, turr to Reader Service card, circle No. 426 
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Combining corrosion resistance, 
exceptional structural strength, 


hardness, and wear resistance: 


ASARCON® NI-VEE* BRONZES 


The unusual strength, exceptional hardness and excellent 
wearability of these continuous castings of Ni-Vee copper 
alloys are still further increased by simple heat treatment. 
Asarcon Ni-Vee castings are highly qualified for rugged heavy 
duty service, especially where corrosion is a problem. They are 
available as rods, tubes, and special shapes, in lengths up to 
20 feet, diameters from 13/32” to 9%”, only 1/32” away 
from finished dimensions. And they are guaranteed to be free 
of porosity, sand inclusions, and blow holes. For further infor- 
mation, write to Continuous Cast Department, American Smelt- 
ing and Refining Company, Barber, N. J. or Whiting, Ind. 


*NI-VEE is a registered trademark of International Nickel Company 
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One of the 20-foot continuous-cast 
Asarcon Ni-Vee gate stems for s!uice 
gates at Lockport, lil. powerhouse 
flood control project. 


CONTINUOUS CAST DEPARTMENT 


For more information, circle No. 322 


West Coast Distributor: Kingwell Bros., Ltd., 457 Minna Street, San Francisco, Calif. In Canada: 
Federated Metals Canada, Ltd., Toronto and Montreal. Distributors in many principal cities. 
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magnetic alloys in ultra-thin strip... 


/ improve performance 
of tape wound 


Toroids that generate lower heat and higher efficiencies and provide more 
uniform performance are another advancement made possible by ultra-thin 
magnetic alloy strip from Precision Metals. This unique material—now avail- 
le in production quantities—can be supplied in virtually any of the high 
magneti permeability alloys such as 4-79 Moly Permalloy, 50-50 grain 
riented nickel iron and Muvar 
Precision Metals strip and foil is cold rolled in thicknesses from .010” to 
001” and can be furnished slit to tightest dimensional tolerances. Note 
these other important advantages 
extremely close tolerances 
excellent surface characteristics 


uniform magnetic properties 
dimensional uniformity 


T 


lo meet specific requirements, Precision 
Metals can furnish custom alloys to your 
pecification in the form you need. Write 
today for fully illustrated facilities booklet 


Ut 


FSA NT/ LT O/lV 


WATCH COMPAY y/ Precision Metals Division 
4 Lancaster, Pennsylvania 


COREY STEEL COMPANY ~ Chicago, Illinois 
FAGERSTA STEELS PACIFIC, INC. + Los Angeles, California 


Regi nal 


Rey 


resentatives 


For more information, turn to Reader Service card, circle No. 326 
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Tire Fatigue Failure 
Not Caused by Cords 


Results from the first phase of a 
continuing research program on cord 
fatigue in tires has cast considerable 
doubt on the theory that tire fatigue 
failure is caused by a gradual loss 
of cord strength proportional to tire 
mileage. 

In a report on the first phase of 
the study, W. G. Klein, M. M. Platt 
and W. J. Hamburger of Fabric Re 
search Laboratories, Inc., Dedham, 
Mass., noted that the original objec 
tives of their research program were 
to define the mechanism of cord fa 
tigue and then seek ways to improve 
resistance to fatigue. However, in 
studying the cords it was discovered 
that “what has been referred to as 
fatigue failure is almost certainly not 
caused by fatigue of the cords o1 
their components. In fact, fatigue, 
defined as a continuous loss in cord 
strength, was found not to exist in 
significant proportions.” 

The report was read at a recent 
meeting of the Technical Assn. of 
the Pulp and Paper Industry 
(TAPPI) 

Major emphasis on tires 
made of viscose cord 

The researchers dissected and 
quantitatively and qualitatively ex 
amined 500 tires run on a New York 
City taxi fleet at rated pressures and 
loads up to 100,000 miles of ust 
Major emphasis was on tires con 
structed of Tyrex viscose cord, but 
corresponding studies were made on 
a smaller group of nylon cord tires 

Here’s what Klein and his associ 
ates found: 

1. In tires which had not failed 
(only four failed) the pattern of 
cord strength vs. mileage was sim) 
lar in both nylon and viscose tires. 
A fairly rapid drop in strength of 
flex zone cords occurred in the first 
20,000 miles, a very gradual loss be 
tween 20,000 and 60,000 miles, and 
a slightly more marked loss from 
60,000 to 100,000 miles. The loss in 
strength in both the viscose and 
nylon tires was not sufficient to 
cause failure in up to 100,000 miles 
of use 

2. The four tires rated as fatigue 
failures were dissected and _ the 
strength of the cords tested both 





ene 
LOWER COST 
on your 
products 
with this 


family of 


GRIPCO 
FASTENERS 


n 


All types and sizes of 
Gripco fasteners listed 

in catalogue are available 
for immediate delivery. 


Qualified fastener 
engineers are available 
for consultation on all 


your assembly problems. a 
GRIPCO PILOT-PROJECTION 
WELD NUT 


Other Gripes Producto: 


® BRASS GRIPCO OR CENTERLOCK NUTS. 


MINIATURE WELD AND CLINCH NUTS, 
WITH OR WITHOUT LOCK. 


GRIPCO AND CENTERLOCK 
HI NUTS. 


STANDARD SEMI-FINISH FULL 
AND JAM NUTS. 


STAINLESS STEEL LOCK, WELD 
AND SEMI-FINISH NUTS. 


COLD FORMED SPECIAL NUTS 
OR PARTS TO PRINT. 


GRIPCO COUNTERSUNK 
WELD NUT 


ns of Lock Kut 


Send for samples and NEW CATALOG today 


GRIP-NUT comrany 


101 BROAD ST. * SOUTH WHITLEY, INDIANA 


For more information, turn te Reader Service card, circle No. 353 





Let Spincraft FURNISH 
CREATIVE MANPOWER 


More engineers to produce more? 
Add engineering skill without advertising 
interviewing and hiring. 


Speed design work by letting Spincraft’s 
Spingineers help plan your 

product and completely produce it 

from start to finish 


Spincraft’s metal-spinning facilities 
craftsmen, and versatile equipment are 
designed to solve your problems. As the 
world’s most experienced metal 

spinning plant, Spincraft can bring to 
your metalforming problems 

solutions unavailable anywhere else 


Check Spincraft now for your stepped up 
production needs or metalforming problems 


4125 W. State Street, Milwaukee, Wisc. 
Each month Spincraft sends its ‘‘Notes for An Engineer's File” to 
qualified personnel in industry. Write us if you would like to 
receive these valuable reports 


For more information, turn to Reader Service card, circle No. 357 
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Available Now!! 
Reprints of 


Because of the great demand for the well-known Manuals and Special 
Reports that are widely used for reference purposes, MATERIALS 
IN DESIGN ENGINEERING has reprinted them for your use 
These outstanding articles provide you with complete and useful 
information on the properties, characteristics and uses of engineer- 
ing materials and finishes 

The price is right! Only 35¢ for each reprint; 4o0¢ if shipped to 
foreign countries. On quantity orders, discounts are offered. To 
obtain your copies, indicate in the handy coupon below the Manuals 
and/or Special Reports you want FOREIGN ORDERS MUST BE 
ACCOMPANIED BY PAYMENT! 

Would you prefer receiving these valuable reprints automatically in 
the future? If you are a subscriber to MATERIALS IN DESIGN 
ENGINEERING, then avail yourself of an additional service offered 
by our Reader Service Department. Let us add your name to our 


mailing list, and you will receive a year’s supply (more than 12) of 
\* 


I 
Manuals and/or Special Reports for the reasonable price of $4.5: 
per year. Just fill out the coupon below and mail it to 


Reader Service Department 
MATERIALS IN DESIGN ENGINEERING 
430 Park Avenue 
New York 22, New York 


Y Quantity @ 35¢ each 


New Developments in Ceramics 
Designing with Heat Treated Steels 
Porcelain Enamels, Ceramic Coatings 
Paper as an Engineering Materia! 
Designing Metal Stampings 

Sleeve Bearing Materials 

Sheet Formed Plastics Parts 

How to Select a Stainiess Stee! 

Foam Plastics Engineer's Guide to Plastics 

Gray Iron Castings Organic Coatings for Metal Products 
How to Select and Specify Glass Designing with Metal Powder Parts 
Nickel Silvers Physical Properties & Tests 

Hard Coatings and Surfaces Industrial Textiles 

Selecting Plastics Laminates Materials for Springs 

Hot Forged Parts Adhesive Bonding 

Solid Electrical Insulation Materials Die Castings 

Fiuorocarbon Plastics Impact Thermoplastics 

Magnesium and Its Alloys Material for Gaskets—Packing—Seals 
Conversion Coatings for Metals New Welding Processes 

Titanium Low Pressure Reinforced Plastics 
Materials for Gears Low Cost Coatings for Meta! Parts 
Mechanica! Tubing Why Metals Break; What to Do About It 
Joining & Fastening Plastics Appliances: What Materials Are Next? 
Aluminum Alloy Castings High Temperature Materials 

Therma! Insulation Materials How Radiation Affects Materials 


Guide to Materials Standards & Specifications—PRICE 75¢ 


Engineering Coppers 

Short Run Press Formed Parts 
Impact Extruded Parts 
Corrosion 

New Stainless Steels 


Neme Title 


Company 
Street 


Zone State 


City 
[ ] Yes, I am a subscriber to MATERIALS IN DESIGN ENGI- 
NEERING and would like to receive each future Manual and/or 
Special Report, when reprinted. Please start with the 

issue. Upon receipt of your invoice, I will pay $4.50 for a year's 
supply *Foreign subscriptions—$5.50. 
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near and away from the point of 
failure. The cords had a strength 
comparable to what could be ex- 
pected if the tire had not failed. 

3. Individual viscose and nylon 
filaments were examined and the 
conclusion drawn that weakening of 
filaments was so insignificant that 
it played no role in fatigue of the 
cords. 

What does cause failure? 

If so-called fatigue failures are 
not caused by lowered cord strength, 
what does cause them? An answer 
awaits further research, according to 
Klein. He did note, however, that 
a breakdown in adhesion of the cord 
to the rubber may be the cause. Once 
adhesion gives way the cords are 
left to flex unrestrained and may 
very quickly fail whether tires have 
been used one mile or 100,000 miles. 


Radiation Shields 
for Space Vehicles 


A major problem in designing a 
manned space vehicle is providing a 
lightweight radiation shield, says 
Norris F. Dow of General Electric 
Co.’s Missile & Space Vehicle Dept., 
3198 Chestnut St., Philade!phia 1. 

At present, lead is the most prac- 
tical type of shielding since it stops 
both protons and gamma rays. How 
ever, a minimum of 100 Ib per sq ft 
of lead is needed to protect a man 
from natural radiations in space. 

Dow told those attending a recent 
Manned Space Station symposium in 
Los Angeles that a man at 2200 
miles altitude without shielding 
would receive his permissible weekly 
radiation dose in slightly more than 
a minute. 

Other shielding methods 

Dow outlined the problems in de- 
veloping other methods of radiation 
shielding that “conceivably offer hope 
of reducing shield weight.” 

Active shielding—One is an active 
shielding consisting of two concentric 
spheres. The inner sphere is given 
a positive electrostatic charge creat- 
ing an electrical belt that stops any 
harmful protons that contain less 
energy than the protective belt 
itself. 

The obstacle to this kind of shield- 
ing, Dow says, is that heavy ground 





-. BUY ALL 


When you're in the market for copper, brass or 
aluminum tube you can save time by making 
Wolverine your “buy” word. You obtain the product 
you need—made the way you want it—packaged 
to your exact requirements—and delivered when 


4.500” O.D. 





you want it. 


Anticipating customer demands, and having the 
equipment, know-how and skilled employees needed 
meal to meet those demands, are all part of Wolverine’s 
4.000” 0.D. Tubemanship program. Wolverine customers can 
avail themselves of a wide range of specialized 


services in addition to various types of tubing. 


Wolverine, for example, maintains complete fabri- 
cation facilities—is able to fin, spin, bend, coil—in 
short to do just about anything tubing customers re- 
quire. From Wolverine's constant research program 
has come tubing specially designed to help solve 


any the problems of such complex industries as refining, 


.125” to 
2.000" O.D. petro-chemical and petroleum processing, refriger- 


ation and air conditioning—to name but a few. 


A a a 
For your convenience Wolverine maintains sales 
offices in 33 American cities. Complete information 
can be found in Wolverine’s General Products 


Wolverine produces all three in a . Catalog. Write for your copy—TODAY. 
wide ronge of sizes and alloys, in ’ 


straight lengths and coils, and in 
both finned and plain tube forms. 


WOLVERINE TUBE 
Ww DIVISION OF 
74, Calumet Hecla, Inc. 


DEPT. C 17258 SOUTHFIELD RD., ALLEN PARK, MICH. 











tv ‘ ‘ ty , i Tubing 
PLANTS IN DETROIT, MICHIGAN, AND DECATUR, ALABAMA. SALES OFFICES IN PRINCIPAL CITIES 


For more information, turn te Reader Service card, circle No. 376 
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BASE FOR STREET AND 
PARKING AREA LIGHTING 


mL) 


dia, 12”, height 12 


based electrostatic equipment has not 
been able to produce anything nea: 
SUCTION BLOWER HOUSING the required voltages. 
ALL HOLES CAST-IN Passive shielding—Another method 
aa. | mergnt 4 sa passive shielding using hydrogen 
atoms which can stop protons “ap 
proximately five times as effectively 
as lead, on a weight basis.” 
However, a heavy composite mate 
ial probably would have to be used 
to protect against high energy) 
gamma rays that are produced wher 
th 


the proton rays are stopped by 
hydrogen atoms. The weight of this 
shield, Dow says, would tend to can 
AUTOMATIC CLOTHES DRYER HEATER WITH cel out the advantages of using light 
CAST-IN HEATING ELEMENT, dia. 26” weight hydrogen atoms to stop the 


rotons 


Coating Helps in Cold 
Extrusion of Titanium 


Titanium metal coated with a flu 
a 


ide-phosphate coating and lubricaté 
STAINLESS STEEL INSERTS AND with a solid film lubricant has su 
COPPER TUBE CAST.-IN. dia. 6’ cessfully hens cold extruded into 
tubing by A M. Sabroff 
I st, of Battelle Memor 
al Institute’s Light Metals Div., 50 
King Ave . Columbus 1, Ohio 
>< rh . ( | 
RM AND SCREEN DOOR Though cold extrusion is 
INITIAL” LETTERS ; : 
used in the forming of steel a 
tain other metals, the process ha 


t all, in r¢ 


DOOR PARTS n applied little, if a 


STEAM PRESSURE | production of titanium products, a 


Door 2 cording to Sabroff and Frost. They 


say fabrication of titanium by co 
extrusion has probably been retarde 
most by the inability to achieve 


+} 


satisfactory surface finish o1 


ALUMINUM -— new coating imparts a good 


surface finish to the metal and acts 

PERMANENT MOLD asa lubricant setaiiail It Apert 

by immersing titanium in a fluoride 

CASTINGS phosphate bath pees at room 
temperature. The solid film lubricant 


. ° sed in the t S10 Cc iS % 
The method of casting that assures density, used in the extrusion technique . 


homogeneous structure, with surfaces that take 
a high finish. Illustrated castings indicate how 
other metals are cast with aluminum to meet 
specific performances, For more ideas and rec- 
ommended applications, write for new brochure. 
Our permanent mold engineers will be happy to 
work with you. 


self-drying, gum-resin mixture cor 
taining graphite and molybdenum 
disulfide 





DON'T MISS AN’ ISSUE — Changing 
your address? If so, please let us 
know two months in advance. With 
such notice, which we need for effi- 


2) cient operation, we will do our best 
XO MANUFACTURING CO. to see that you don't miss an issue 
Be sure to include your new postal 


46 SHELDON ROAD * BEREA, OHIO * BEREA 4-2091 zone number 














For more information, turn to Reader Service card, circle No. 343 


154 ¢ MATERIALS IN DESIGN ENGINEERING 





If you DESIGN or PURCHASE 





Colonial’s “Silicol” Silicone Rubber parts (above) meet the most rigid design require- 
ments. Having the same shrinkage os organic rubber, existing molds can be used 
with “Silicol’’ where desired. Typical parts and end products we produce regularly 
from natural and synthetic rubber are shown at right. 





COMPOUNDING TO MEET ANY DESIGN SPECIFICATION 
Whatever your requirements for standard or special properties in an 
industrial rubber part, Colonial’s engineers can develop the compound 
to meet them .. . from our own “Silicol” Silicone Rubber, or from 
natural or other synthetic rubbers. Colonial’s laboratories are among 
the finest in the rubber industry, and the speed and efficiency of 
Colonial’s rubber engineers enables us to pass important savings in 
compounding cost along to you. 


MOLDING TO MEET RIGID DELIVERY REQUIREMENTS 


Colonial’s reputation for fast, accurate rubber parts production is the 
result of ample, modern machinery and skilled personnel in our 

large rubber molding plant. Our own machine shop facilities are also 
available to speed work and help reduce the cost of making 

precision melds. Write for full details on Colonial’s custom rubber 
compounding and molding service. 


nd @ 


pedo ae # COMPANY 


706 Oakwood St. AXminster 6-961 1 
RAVENNA, OHIO =~ 


ss, 
ae | 


Write today f°" ve RUBBER 


For more information, turn to Reader Service card, circle No. 385 
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Kopp Glass 


can create glass parts 
to meet your exact needs 


f Ni) HN 
VW 
y 4 


| } i a yh ‘i 
irr Nay Tia 
NE ee 

iil 


BENEFICIAL 
PROPERTIES 


Strong 


Precisely Formulated Smosth 


to provide the right Wiathi cnet; alii: eae 


Resists scratching, 


combination of properties moisture, heat 


Tough 


. : Accurate Colors 
Suppose your product requires a com- 

ponent with some of the properties Stable 

listed above. Glass may be your answer! Transparent or Opaque 

Kopp engineers have the experience, Controls light 
facilities and ‘‘know-how”’ to analyze 
your requirements precisely. They de- 
velop the “batch formula,”’ properly 
proportioning and mixing carefully- 
measured ingredients. 

This mix is melted under accurately-controlled temperatures and 
the molten glass is pressed to exact dimensions in Kopp-engineered 
molds. Subsequent cooling, annealing, grinding and finishing 
under strict quality control—provide the components to meet your 
design requirements exactly. 


Ask for Bulletin 553-A on “Kopp Engineered Glass” 


Hopp Glass, rnc. 


Swissvale, Pennsylvania 
For more information, turn to Reader Service card, circle No. 346 
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(cont d from 
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Books 


Polyester Resins. J. R. Lawrence. 
Reinhold Publishing Corp., Neu 
York. 1960. Cloth, 5 by 7 tn., 26 
pp. Price $5.75 

This book covers all aspects of 
the unsaturated polyester resin in- 
lustry from historic background, 
chemistry, curing mechanisms and 
manufacturing to techniques used in 
processing the resins for use in re 
inforced plastics, casting and coat 
ing applications. Particular empha- 
Sis is given to formulating resins 
for special properties such as 
weathering and flame resistance. A 
chapter on coating applications is 
said to be the most complete cover 
age ever published on this relatively 
new use for polyester resins. 


ASTM Standards on Materials. American 
Society for Teating Materials, Philadelphia 
Standards on Copper and Copper 
Alloys: B-S. 1:96 Cloth, 6 by 9 in., 72 
py Price $ 
Covers methods of test, definitions, spe 
ms, classifications, and recommended 
tices applicable to copper and coppe 
ys, filler material, pipe, tubes, wire, rod 
shapes, die forgings, plate, sheet, strip 
olled bar ngots and castings 


Standards on Metallic Coated tron 
and Steel Products: A-S. 1960. Cloth, 6 
) in pp. Price $3.50 
Covers zinec-coated wire, strands, sheets, 
pipe and fencing. Also aluminum-coated 
aluminum-coated iron and steel parts 


nd terne-coated sheets 


The Electrolytic and Chemical Polishing 
of Metals in Research and Industry: 2nd 
Edition. W. J. McG. Tegart. Pergamon 
Preas Inc., New York 196 Cloth, 5% by 

4 in., 149 pp. Price $6.50 

Although emphasis of the book is pri 
marily or research, three chapters deal 
specifically with industrial applications of 
electrolytic and chemical polishing methods 
Apparatus, techniques, precautions required 
ind limitations of the processes are discussed 

relation to such topics as electropolishing 
n molten electrolytes, and electrolytic and 
chemical polishing of some of the rarer 
metals and their alloys. 


Encyclopedia of American Associations: 
Geographic iIndex—-2nd Edition. Gale 
Research Co., 1116 Book Tower, Detroit 

r, 9% by 11% in., 172 pp. Price 


ists by state and city 8892 national asso- 
tions professional societies and other 


nonprofit organizations 


Electropolishing, Anodizing and Electro- 
lytic Pickling of Metals. N. P. Fedot'er 
and S. Ya. Grilikhes. Translated from the 
Russian by A. Behr. Robert Draper Ltd., 
Teddington, Middlesex, England. 1959. Cloth, 
5% by 814, 300 pp. Price $8.40 

Gives an insight into the present state of 
Russian technical knowledge and industrial 
experience in electropolishing, anodizing and 
electrolytic pickling. Particularly enlighten- 
ing is the section on electropolishing of 
steels in which the Russians appear to have 





Revere helps ‘fit the metal to the job” 


AND A MAKER OF MEDICINE CABINET 
MIRROR FRAMES SAVES $10,000 A YEAR 


As a result of a suggestion made by one of Revere’s Technical Adviso 
maker of mirror frames for medicine cabinets has saved $10,000 a 
polishing costs alone. The suggestion was that, by changing to a 
different grain size, the manufacturer might be able to save money on polishi 
costs and at the same time improve the quality of his product. (The 90° ben: 
which the mirror frames are subjected also had to be taken into consideratio (° REVERE - 
Samples were made using a Revere Brass Strip with a smaller grain size as Wee vy 
recommended by the Technical Advisor. Tests showed that, as a result of the phe 
change the manufacturer was able to realize a saving of 17¢ per mirror frame 
on polishing costs alone, with no increased costs in other operations, including 
the 90° bend. Based on the saving per frame this manufacturer has saved 
$10,000 per year for the past 4 years! 
Here is still another example of how Revere’s Technical Advisory Service REVERE COPPER AND BRASS INCORPORATED 
working with the customer and the mill helped ‘‘fit the metal to the job,” thus Founded by Paul Revere in 1801 
saving the customer money as well as improving product quality. Executive Offices: 230 Park Avenue, New York 17, N. Y. 
Why don’t you take advantage of the extensive knowledge of Revere’s Mills: Rome, N. Y.; Baltimore, Md.; Chicano, Clinton, Ul; Detroit, Mich.: 
Technical Advisory Service in “fitting the metal to the job?” It’s entirely possible od feecles Riverside and Santa Ana, Calift New Bedford, Mass.: 


. N. Neuport, Ark; Fort Calboun, Neb. Sales Offices in 
this service can save you money... help improve the quality of your product. Prince! Cities, "Distributors Everywhere. 


For more informatien, turn to Reader Service card, circle No. 401 
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Western countr 


Welding Handbook: 4th Edition——Sec- 
tion 3. Edited by A. L. Phillips 1 ne 
Weldir ety é York | ) 


Reports 


——- 


Research costs ScIENCE AND EN 
GINEERING IN AMERICAN INDUSTRY 
REPORT ON A 1956 SuRveY. National 


Science Foundation. L9O9 


{ vailable from Supe rintend 
Document . U. bs Grover? 
ing Office, shingto 


Price 70¢ 


Discusses 


ment costs an ! I 
manufacturing a! t * im 
2) commercial laboratories 


gineering service firms, and 


associatior 


for high quality, long wearing | scsupny or metate rn 
parts at low cost 32," 


ph 
Here are reasons why you will want to learn more 13 
about Shenango soli ars an ontrifugally cas 
about sneagy d bars d cent 8 y . Nuclear fuel elements PHysiIcA 
tubular bars for quality parts produced on your GINEERING PROPERTIES OF MATERIA 
automatic screw machines or lathes: , H. H. Hi 
e Available centerless ground or as cast 
e Lengths up to 6’, 1” to 14” diameter 


e Choice of analyses—GC Meehanite, GA Meehanite, 
Ductile Iron, Ni-Resist, Ductile Ni-Resist 


e Eliminates pattern equipment costs Materials testing 
Hicu INTE IT LR« 


e Increases production output 

e Small quantity ordering reduces inventory 

e Fast delivery to exacting specifications 

e Machines with a free-cutting chip, nota fine powder 

e Special solid bar shapes available... hexagonal, ae ere need = 


square, rectangular and oval ELEVATED 'TEMPERATURES 
en and R. I. J 


Write on your letterhead for a machining sample. Mi Information Center, Batte 


Centrifugally Cast Products Division, The Shenango » Columbus 
Furnace Company, Dover, Ohio. i the results of a number of 
ited molybdenum part 
stigations of coated mol 
engine tur 


thermocouple 


CENTRIFUGAL | Protection tues, and “ramjet flamehold 
CASTINGS 


Properties of wood ImPrort 
PROPERTIES ) Woop Oo. G 


COPPER, TIN, LEAD, ZINC BRONZES * MANGANESE AND ALUMINUM BRONZES \vailable from S ranslatic 
MONEL METAL © NI-RESIST » MEEHANITE® METAL * ALLOY IRONS © DUCTILE IRON rie Regge ngh 


For more information, turn to Reader Service card, circle No. 335 
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Temperature effects on the 


serviceability of Du Pont Fairprene 


Charted abovearetheserviceabletem- 
perature ranges for many of Du Pont’s 
‘“‘Fairprene’’* 


materials form 


These 
] 


is 


coated fabrics. 


design ol 


materia 
amazing versatility with an outstand- 
ing range of lubricant, solvent, flex, 


ozone, age and chemical resistance 
as well as thermal stability. 
Du Pont engineers are « 


you evaluate ‘‘Fairprene 


] 
ager to help 


for design- 


COATED FABRICS 
MANUAL 


FRE 


Nemours & 


| 
i 


I 1uc 


ing new products or improving olk 
ones. These versatile materials are now 
being used in hundreds of applications 
ranging from fire walls to gaskets and 
diaphragms. For full information and 
your free copy of Du Pont’s coated 
fabrics manual, mail coupon or write: 
FE. I. du Pont de Nemours & Co. 
Inc.), Fabrics Division MD-07, Wil- 
mington 98, Delaware. 


id 


OUPORNT FAIRPREWE 


MD-07, Wilmingtor 


ree information 
coated fabrics 


usin 


iS i ( 
“Fairprene’’ 
am interested 


a 


g 
Name 
Company 
Addre 
‘ity 


For more information, turn to Reader Service card, ci 
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Du Pont technical service 
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Furniture 
Manufacturers 
Call it 





Manufacturers of a wide variety of products find 
Bridgeport Free Machining Brass Rod eminently suited 
to their items—from both a production and beauty point 
of view. Furniture manufacturers are but one successful 
example. 

The production steps involved in manufacturing such 
furniture are frequently numerous and complex. For 
example, a solid brass tea cart such as shown here may 
represent some ten or more separate production steps. 
These include cutting, bending, drilling, tapping, twist- 
ing, polishing and lacquering, most of which are done 
on high-speed automatic equipment. The objective here, 
as with any screw machine operation, is high uninter- 





rupted speeds. An increasing number of manufacturers 
are achieving these uninterrupted speeds with Bridge- 
port rod and tubing of various shapes and sizes. They 
find, on a comparative basis, that the high quality of 
Bridgeport Free Machining Brass is constant and can 
be depended on from end to end. 

Bridgeport Free Machining Brass is but one of the 
many “easy-does-it” metals that are standard stock and 
immediately available from nearby Bridgeport Ware- 
houses. An inquiry to your local Bridgeport Sales Office 
may lead to improving your product, increasing your 
production rate and raising your profits. Call today! 

(Dept. 3903). 


Beer BRIDGEPORT BRASS COMPANY 


Bridgeport 2, Connecticut + Sales Offices in Principal Cities 


Spectalists in Metals from Aluminum to Zirconium 


For more information, turn to Reader Service card, circle No. 408 
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IN MATERIALS 


New Polypropylene Resin 
Sold in Three Process Grades 


4 new polypropylene resin, now 
in commercial production (see M/ DE, 
June ’60, p 19), is said to be the 
first such polypropylene sold_ in 
three processing grades—1.5, 3.5 
and 5.5 melt indexes measured at 
150 F. The resin, called Escon, is 
available from Enjay Co., Inc., 15 
W. 5lst St., New York 19. 

According to J. E. Wood, III, 


PROPERTIES OF 
ESCON POLYPROPL YENE 





PHYSICAL PROPERTIES 
Melt Index, gm/10 min 1.5, 3.5, 5.5 
Density, gm/cu cm 0.902 
Burning Rate Slow 
Mold Shrinkage, in./in 0.015-0.030 
Melting Point, F 335 
Vicat Softening Point (1 kg), F 280 
Coef of Ther Cond, Btu /in./sq ft/hr °F... 1.13 
Coef of Ther Exp, per °F 0.00011 
Specific Heat, Btu/Ib/°F 0.46 


MECHANICAL PROPERTIES 
Yield Strength (2 in./min), psi 4700 
Elongation (2 in./min), % 15 
impact Strength (izod), ft-Ib/in 

Notched l 

Unnotched 16 
Hardness (Rockwell) R85 
Elastic Modulus (2 in./min), psi 150,000 
Compr Yid Stress (0.05 in./min), psi 6000 
Stiffness in Flexure, psi 180,000 
Taber Abrasion Resistance* 

mg loss/1000 cycles 


ELECTRICAL PROPERTIES 

Dielectric Strength, v/mil 
Short Time 660 
Step-by-Step 650 
Dielectric Constant (10° cps) 2.1 
Dissipation Factor (10® cps) 0.00025 
Volume Resistivity, ohm-cm 1 x 10% 


ENVIRONMENTAL PROPERTIES 
Water Absorption, % 0.010 
Environmental Stress Cracking None 


CHEMICAL RESISTANCE 
Weak Acids Excellent 
Strong Acids Good 
Weak Alkalis Excellent 
Strong Alkalis Excellent 
Organic Solvents Good below 175 F 


IR 





*CS-17 wheel (1000-gm load) 


Extruded polypropylene is chop- 


ped into small pellets for packaging. 


Enjay president, Escon’s three levels 
of processability are being provided 
without sacrificing strength and re- 
sistance to heat distortion. Proper- 
ties of all three grades are the same. 
The 1.5 melt index resin has low 
flow and low flash for high speed 
operations at high pressures and 
temperatures. It can be used to 
make small, precision molded parts. 
The 3.5 grade has intermediate flow 
and excellent processability for most 
high speed molding operations at 
conventional pressures and tempera- 
tures. The 5.5 grade has high flow 
for rapid filling of intricate molds 
under high speed conditions. 
According to Enjay, the new ma- 
terial is the first polypropylene resin 
made by a continuous process. The 
process (details not revealed) is 
said to insure uniformity in the end 


product. KEY NO. 604 


Rubber-Base Paste 


A general purpose rubber-base re 
pair material can be used for seal 
ing or calking around machinery, 
insulating electrical equipment, 
making gaskets, and as a coating 
for protecting piping and machinery 





Alumina Ceramics 

‘Replace Expensive 

| Metals for 
Vital Pump Parts 


The destructive twins—corro- 
| Sion and abrasion—have led pump 
| designers to use Coors High 
| Strength Alumina Ceramics for 
the vital parts of pumps, such as 
plungers, cylinder liners, seal 
faces in mechanical shaft seals, 
shaft protection sleeves, and ball 
check valves. 

Perhaps your abrasive and 
corrosive problems can be solved 
economically with Coors Ceramics 
We shall be glad to help you— just 
write us at Golden or contact one 
|of our regional sales managers. 





REGIONAL SALES MANAGERS 
t vast William S. Smith, Jr 
EM 6-8129— Redwood City, Calif 
John E. Marozeck 
FR 2-7100— Chicago, Il 
Donald Dobbins 
GL 4-9638 — Canjon, Ohio 
John J. McManus 
MA 7-3996 — Manhasset, N.Y. 
Warren G. McDonald 
FR 4-0663 — Schenectady, N. ¥ 
Kenneth R. Lundy 
DA 7-5716— Dallas, Texas 
William H. Ramsey 
UN 4-6369— Houston, Texas 


East Coast 
New England 
Southwest 


ield Industr) 


COORS PORCELAIN 
COMPANY 


600 Ninth St.. Golden, Colorado 


For more information, circle No. 368 
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MORE 


THAN 


MERE 


TINY 


PUNCHINGS... 


@ Specs Nos. 4 and 
5 were “unusual”. 


What you are looking at are specimen holders for an electronic microscope. They're 
so small that it takes about 40 to cover a dime. Specifications as to kind of metal, 
diameter of wire and mesh might be considered routine. It’s what we did with the 
cloth before punching and how we treated the punchings that are important. Spec 
No. 4 especially tested our manufacturing skills. No. 5 called for special cleaning 


We started with Newark Stainless Stee! 200 x 200 Mesh Cloth woven with 0.0021 
inch diameter wire. Cloth thickness was 0.0042 inches. Then we rolled or calendered 
the cloth very carefully to 0.0025 inch thickness. After clean-cut punching, we 
cleaned and passivated the pieces in dilute nitric acid, imparting to them an almost 
surgical cleanliness...a cleanliness which was retained through the packing. The 
discs had to be kept free of foreign matter. 


As pointed out above, the cloth itself is not uncommon but the rolling and treatment 
were somewhat unusual. The skill in handling and quality of work typified by this 
job suggests the skill and quality of work available to you for any ‘‘wire cloth”’ insert 
project you have in mind. Incidentally, much of our work is in preparing ‘‘punchings” 
in all diameters in single pieces, in segments, or in sectors 


ire Gloth 


COMPANY 


351 Verona Avenue * 


Newark 4, New Jersey 


For more information, turn to Reader Service card, circle No. 410 
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KEY NO. 605 


Extruded Steel Shapes 
Made by New Process 


faster. more econon 


, 
onal ! 


KEY NO. 606 


Semiconductor for 
Thermoelectric Cooling 


ILS h ghe I 
efficiency 
vailable 


First quaternary alloy 
Known as Neelium, the 


nary 
available. 
decoy 
im and antimo 
ited nto thermo¢ 
en assembled into a 
nas a Frigistor (see 
ympanying photo) 
Potential applications 
Typical applications for Frigis 








cr 
Thr COMPORATIOn 


Gata severe WEAR problem? — 
Your answers are in this booklet 


ew ookiet 18 Crammed with information nnd the chart pray 
Carmet Cemented Carbides man’s hardest f information nee 

ibrasion resistant metal and on design ind application of t armet Cemente 

ke the most of Carmet’ ides. And, there’s a special section on design 

top performance. Ask your local 

Properly designed, Carmet Cemented Carl i im representative for a = Py = 

write: Allegheny Ludlum, Carmet Division, 


ve outstanding service in applications inv 


, 
} 
} 


Oliver Building, Pittsburgh 22, Pennsylvania. 
severe wear and abuse. They possess an ex- ¢ ¢ . 
' Address Dept. MI-7. 


traordinary combination of extreme hardness 


ind strength, higher than any metal or alloy 

cast, rolled or forged They have three times the ® 
stiffness of steel up to 100 times the abra- 

sion resistance 


In Carmet’s new booklet, the designer will CEMENTED CARBIDE * DIVISION OF ALLEGHENY LUDLUM 


2008 
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<a 


Do you have to 


COPE WITH THESE 
CONDITIONS ? 


Thermoelectric device (right) 
consisting of ¢ ight thermocouples i 
compared im Size u ith a typre ul ger 


mantum transistor. 


tors include their use in devices that 
pump heat away from high powe 

transistors. The heat pumping capa 
city for a Frigistor containing eight 
Neelium thermocouples is reported 
to be two to three times greate 
than that of similar devices of muc! 
larger size. 

Additional thermoelectric applica 
tions for Frigistors include cooled 
microscope and microtome tables, 
vacuum cold traps, dew-point hy 
grometers, re ference junctions for 
calibrating thermocouples, vhoto 
multiplier cathode coolers, and water 
distillation apparatus. KEY NO. 607 


Resin-Treated Fabrics 


for Electrical Uses 
HEAVY LOADS IMPACT 
: 4 new line of B-stage polyester 


“High heat as compared to other copper-base alloys. treated fabrics and tapes has been 


developed for use as intermediates 





you combat them all with an | bee ees ee 


tours for mechanical and electrical 


ra = ® 
ivi co ME z AL equipment 
The treated fabrics and tapes are 


available from Westinghouse Elec 

What does a copper-base alloy have to do for you? Whatever tric Corp., Micarta “al Trafford, 
it is, there’s a grade of Ampco Metal — or other Ampco alloy Pa. They are made of a variety of 
— that does the job exactly. base materials, including glass and 
Equally important, you can select the best, most economical synthetic fabrics, asbestos, and as 
form of production — sand casting, centrifugal casting, shell 
mold, precision casting, forging, fabrication, extrusion, sheet, 


bestos-glass mat. 
Fully catalyzed, they can _ be 
plate. stored at room temperature for at 
east si onths witho deteriora 
Call in your Ampco field engineer. Write for bulletin. 084 pthins sn Ag el os 
The treated fabrics are said to be 
as easily handled as standard glass- 
AMPCO METAL, INC., Dept. 10G, Milwaukee 46, Wis. base fabrics. 


WEST COAST PLANT: BURBANK, CALIFORNIA . SOUTHWEST PLANT: GARLAND (DALLAS COUNTY), TEXAS (continued on p 168) 


G-20Cc 
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CUT TOTAL BRAZING COSTS 
BY AS MUCH AS 75% 
WITH SILVALOY PREFORMS 


ADVANTAGES OF SILVALOY PREFORMS. 
Accurate control of quantity of alloy used on a 
job. 

Enables operator to maintain uniform quality 
in brazing operation 

Allows alloy to be placed internally to flow 
outward to joint boundaries—aids in obtaining 
positive filling of the joint and a quick visual 
inspection for quality. 

Simplifies feeding of alloy all around a diameter 
Internal placement of Silvaloy in large joints 
where flow distances are excessive 





Permits mechanization of brazing operation 
through furnace, induction, dip, resistance, gas 
burner or other suitable heating methods. 
Silvaloy rings, segments, wire shapes, slugs, 
washers, discs, powders and plymetals are avail- 
able to your exact specifications! 
A Silvaloy technical expert will be glad to assist in 
planning for preforms. He can help you to save as 
much as 40% in labor costs—as much as 35% in 
brazing materials—speed production and improve 
brazing results in your plant. Call or write the 
Silvaloy distributor in your area. ‘comp 
LETE coigg 
Me successry 
SILVER thang, 


SEND FOR ‘A COMPLETE GUIDE TO SUCCESSFUL SILVER BRAZING”’ ra 


: PG G E iL Fil 74 F2 iD 


AMERICAN PLATINUM & SILVER DIVISION 


231 NEW JERSEY RAILROAD AVE. + NEWARK 5, NEW JERSEY 





SALES OFFICES: SAN FRANCISCO * LOS ANGELES * CHICAGO NEW YORK* PROVIDENCE* MIAMI* ORLANDO* DALLAS 


A.8.C. METALS CORPORATION + DENVER AUSTIN-HASTINGS COMPANY. INC. * AMBRIDGE * WORCESTER * HARTFORD * BURDETT 
MANSFIELO * FINDLAY * DELTA OXYGEN COMPANY, INC 


COLUMBUS * AKRON DAYTON YOUNGSTOWN * 
M. CASTLE @ COMPANY * LEVELAND 


SPOKANE NOTTINGHAM STEEL @ ALUMINUM Div. A 
PACIFIC METALS COMPANY LTD.* SAN FRAN 
S* INDIANAPOLIS * KANSAS TY * GRAND RAPIDS 

TRIES OF CANADA, LTD. * TORONTO * MONTREAL 


OXYGEN COMPANY CLEVELAND IN NNAT 
MEMPHIS EAGLE METALS COMPANY SEATTLE + PORTLAND + 
OLIVER H. VAN HORN CO inc NEW ORLEANS + FORT WOR 
LOS ANGELES SAN DIEGO PHOENIX + STEEL SALES CORPORATION ” aco MINNEAPOL 
* LICENSED CANADIAN MANUFACTURER ENGELHWARO I 


TH * HOUSTON O* SALT LAKE TY 


DETROIT ST. LOUIS MILWAUKEE 
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nent laboratories at Dow comes a steady stream of new 


NEWS Ne ee ee 


ile materials—the thermoplastics . . . new applications 


ABOUT that accent auty, f tion, production economy new applications that 


wn desiens and processes. The products described on 


PRODUCT DESIGN , ; , : 
pa O n just a few of the Dow thermoplastics that are serving today’s 


AND 
MATERIALS 


FUNCTIONAL DOW PLASTICS 
EXTEND PRODUCT DESIGN LIMITS 


Within each broad category of 
Dow thermoplastics there are 
often several different formu- 
lations designed to pinpoint the 
functional requirements of de- 
signers and processors. Thus, 
you can select an individual 
Dow plastic material to extend 
the limits of your requirements 
for moldability, durability . . . 
lightness, inertness . . . beauty, 
clarity, or color... 


Dow thermoplastic—T 
eXtra measure of beauty. mold- 
physical strength to the de- 
modern built-in blender. 
pping, or liquefyir 
seconds 
snments 
rmance unger 
kitchen punishment, the 
1 clear Tyril for mold- 
jal Tyril i Dow 
of styrene and acrylonitrile 
ppliance part toughness and 
cK resistance to withstand the 
ction of the high rpm knite 
its chemical resistance helps 
nd up under the attacks of 
nd cooking ingredients 
ture resistance protects 
racking or crazing over a wide 
range—from mixing boiling 
ishing ice ind excellent 
ibles Tyril to reproduce 
eX shape and the finely 
ind ounce measul 
uit presents no hazar . 
Detergents won't harm Tyril, 1 designers have solved this problem with Pelaspan beads can be pre-foamed, 
vill hot water, and it withstands norm Pelaspan® — Dow expandable polysty- expanded many times. When a molding 
bus¢ rene in bead or pellet form. Foamed in or structural cavity is filled with them, 
One of the problems designers have place by the manufacturer, Pelaspan and the beads are further expanded by 
face when insulating a product provides thermal insulation with negli steam, they tightly close up the inter 


t 


ng for the added bulk and gible bulk or weight for this beverag¢ stices and make a molding of uniform 


of thermal insulation. Today, cooler. (opposite page) density. The closed-cell structure created 


166 * MATERIALS IN DESIGN ENGINEERING 





has low thermal conductivity, low water 
absorption, low vapor transmission, and 
a high strength-to-weight ratio. 

For the recreation market plastics help 
many products escape the limitations of 
older materials. A trio of Dow thermo 
plastics lend their specific talents to a 
fishing tackle box, a fishing reel, and an 
underwater mask and swim fin outfit . . . 

Built to last for a lifetime of fishing, 
the tackle box is molded of economical 
Styron® 480, a Dow super-high-impact 
plastic formulation with a green and 
white marbleized color effect. In addi- 
tion to the inherent toughness to with- 
stand a fisherman’s hard knocks, Styron 
480 has high heat resistance to endure 
the blazing hot sun without softening or 
warping. The excellent molding proper 
ties of Styron 480 — with emphasis on 
flow characteristics — allow the molder 
to produce a unique tongue and groove 
design along the edge. This makes the 
box watertight when closed—even allows 
it to float! 

A colorful, economical solution to a 
design problem, this casting reel’s end 
caps and knobs are molded of tough 
Styron 475. Styron 475 is a high impact 
formulation of the Dow family of poly- 
styrene materials. Its impact strength 
is three to five times greater, and its 
elongation nine times greater, than gen- 
eral purpose polystyrene formulations 
It resists salt water deterioration, and 
has good chemical resistance. Its fine 
molding characteristics reproduce sharp 
details faithfully 

Molded of an easy-to-process resin, 
an underwater face mask and swim fins 
of Dow PVC will last far longer than 
conventional materials. PVC permits 
the mask to fit snugly and comfortably 
across the face of the swimmer, with a 
sealing lip around the edges to prevent 
water seepage 

The PVC swim fins are lighter and 
stronger than conventional fins. What's 
more, the sun will not fade or rot PVC. 
Dow PVC ts available in several differ- 
ent formulations. This wide selection 
permits a range of PVC compounds to 


fit almost any process or erid use. 


THE DOW CHEMICAL COMPANY 


chances are there's a formulation within the Dow Family of Thermoplastics Midland, Michigan 


that will solve it. If we can be of any assistance in helping you select the right 


PROBLEMS, ANYONE? If a design or processing problem is puzzling you, 


formulation, or in production techniques, color styling, etc., please write us. 
THE DOW CHEMICAL COMPANY, Midland, Michigan, Plastics Merchandising De- 
partment 1720CD7. 


For more information, turn to Reader Service card, circle No. 450 


JULY, 1960 ¢ 167 





HAVE YOU CHECKED ON THE 
SALES ADVANTAGES OF 
VACUUM METAL COATING? 


The great success manufacturers of costume jewelry have 
found in Vacuum Metal Coating points the way for exciting 
sales possibilities for producers of items where eye appeal 
plays a part. Frequently, Vacuum Metal Coating eliminates PT-9451 and M-41524-BV_ B-stage 
the need for costly secondary operations and, in many cases, polyester-treated glass fabrics are 
recommended for formulating rigid 
opens up new opportunities for enriching the appearance of 
; laminates having good moisture re 
the finished product. The cost savings, without deducting sur- , ae 
, made b a atemntie’ istance and stable physical proper 
ace protection, may be substantial. ties at elevated temperatures. 
The treated fabrics are said to 
Pa bond well to many materials at 
relatively low temperatures. They 
can also be used as laminating inter 
mediates for the fabrication of 


Polyester-treated fabrics—Grades 


barrier tubes, angles, channels and 
other shapes. 
af AC M a IPM NT Another B-stage polyester-treated 
HIG V, UU QU b glass fabric, called Grade TT-9453, 
is recommended for barrier tube 
MAY SOLVE YOUR PROBLEM |i". sies! iitpieltt 
banding applications. KEY NO. 608 
| Epoxy-treated fabrics—Grade M 
1142-FA is an epoxy-treated asbes 
tos-glass fiber mat intermediate for 
insulating field coils requiring Class 
B (265 F) performance. Its base is 
asbestos paper reinforced with glass 
fibers KEY NO. 609 


Improved Magnetic 
Alloy Is Easy to Machine 


An improved  copper-nickel-iron 
permanent magnet alloy has been 
ntroduced by Hoskins Mfg. Co., 4445 
Lawton Ave., Detroit 8. Chief ad- 
vantage of the alloy is its high coer 
cive force and energy product values 
combined with excellent ductility and 
KINNEY High Vacuum Evaporators provide many special machinability. The developer does 

: : not say how ductility is imparted to 
advantages not found in other equipment. There are sizes for in teciiealidl P 
pilot operation or large scale production. Illustrated are the According to the producer, the 
SC-3 (left) and R-2H (right) popular models for limited output. alloy can be stamped, machined and 
Other models with horizontal or vertical chambers are avail- formed by conventional methods into 
able with chamber sizes to 6’ x 6’. Send for literature fully de- a 
scribing KINNEY Evaporators on request. Ask about KINNEY shaped parts that would be imprac 


Custom Evaporated Coating Service. tical or impossible to produce with 


- 

| KINNEY vacuum oivision 

l tue NEW YORK AIR BRAKE COMPANY, (§) » 
35236 WASHINGTON STREET « BOSTON 30 - MASS Z - 





variety of complex, intricately 





_ Please send me Bulletins 4100.1A and 4100.1ID [J . oO 
WRITE FOR We would like information on custom coatings [] % ie) U 
e a” 


BULLETINS 
4100.14 AND {iii — oF Ae 
4100.1D CON- Company ee 

Typical parts that can be mad 


TAINING FULL Address - a 
from improved permanent magnet 


ATION 
merous SS eee alloy. 
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ORIGINAL PART 
MADE IN TWO PIECES 


NOW COLD-HEADED 
IN ONE PIECE 











Cold-heading cuts costs— 
replaces two parts with one! 


stud and a seat, has beet Look at these advantages of cold-heading 


part which is now cold-headed at 
Hi gn speed productio n low scrap loss economical 
t 


considerable savings. It’s used in the assembly of an aut: 
stock... high strength . .. minimum of finishing operations. 


mpfrising a 


ingik 


motive steering Te) iay system 


A special t Bethlehem cold-heading wire was 
Perhaps your product can be cold-headed 


developed for thi b. Costs are well under the previous 
method of manufa Cups have good surface finis Heading-quality wire, custom-made for the job, has long 
and high strength been a Bethlehem specialty. Our metallurgical engineers 

This is a typical example of the small parts which are will gladly work with you if you have a product that might 
nder stud ’y manufacturers searching for e cold-headed. For any of your wire needs, call your 
better materials, improved methods, and lower costs arby Bethlehem office, or write us at Bethlehem, Pa. 


constantiy u 


gg . 


(+ \ reng! BET M STEEL COMPANY, BETHLEHEM, PA 
steel >) ' tor: Bethlehem Stee! Expo onl 
= BETHLEHEM STEEL & 

_ STEEL 


PF 
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for 

protection 

on light 

metals ner Poammanth- yedeli yadda 


Potential applications 

Field tests show that timer motors 
for appliances, speedometers, air- 
craft instruments, electronic equip- 
ment and control systems are some 
of the products in which the alloy 


PROCESS ENGINEERED can be used advantageously. 
The new material is supplied as 
CHROMATE CONVERSION COATINGS finished magnets, and as wire and 
Iridite protects against high altitude strip in a range of sizes and shapes. 
<i> weather extremes and against corro- KEY NO. 610 
sion by hydrocarbon fuels, such as 
gasoline and kerosene. 


2 Iridite provides a highly protective 
<2> non-porous paint base. 


ne a , Two Circuit Boards, 
Iridite protects against corrosive 
storage conditions. Conductive Coating 


a a SEO FL ome ome ety P 
LOCKHEED ELECTRA oot, ~Spee. Two new printed circuit boards 
‘ and an electrically conductive resin 
coating containing copper for printed 
circuits have been introduced 


Epoxy circuit boards 

Plastronic Engineering Co., 721 
Boston Post Rd., Mar!borough, Mass., 
is marketing a miniature circuit 
board made of epoxy. The board is 


And, Iridite gives you these said to have good heat and chemical 
additional advantages: resistance, high dielectric characte: 


ON ALUMINUM—needs only normal pre- istics, low moisture absorption, good 
cleaning. Film withstands cold forming mechanical strength, and good di 
or bending. Easily heliarc welded. mensional stability. 
Unusually low electrical resistance. Clear, The circuits are high conductivity 
yellow or dye-colored finishes. silver, but gold-plated circuitry can 
ON MAGNESIUM—short immersion, room be supplied for added tarnish and 
temperature solution, no electrical equip- corrosion protection. 
ment. Corrosion protection relatively Th 
unaffected by high drying temperatures. 
Applicable to all alloys. Low electrical 
CONVAIR- resistance. Color ranges from light gray ; 
ASTRONAUTICS & to dark brown. ness of the printed circuit board 
— —— is 0.050 in. KEY NO. 611 
IRIDITE—a specialized line of chromate Polyolefin circuit boards 
conversion coatings for non-ferrous Printed circuit boards made from 
For complete intor- metals. Easily applied at room tem- 
mation on Iridite, peratures with short immersion, man- 
contact your Allied ually or with automatic equipment. 
Field Engineer. He's F 5 a thin fil hich bec ae 
listed under “Plating Forms a thin film which becomes an 
Supplies” in the integral part of the metal. Cannot 
yellow —- chip, flake or peel; special equipment, 
write for FR - ‘ . nate . ; aina 
NICAL DATA FILES. exhaust systems or highly trained 
personnel not required. 


producer says the circuit 
boards can be supplied flat, oval, con- 


cave and convex. Standard thick- 





irradiated polyolefins laminated to 
fiberglass cloth are available from 











Iridite is approved under government 
and industrial specifications. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET © BALTIMORE 5, MARYLAND 

BRANCH PLANT. 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 

West Coast Licensee for Process Chemicals: |. H. Butcher Co. 

Evropeon Agent: Sture Gronberger, Storgeton |0. Stockholm, Sweden 

Chemcol and Electrochemical Processes, Anodes, Rectifiers, Equipment and Supplies for Metol Fimohing 


cc) ax" —) ac" | r WAGNER | Epoxy circuit boards can be mad: 
Supplies 


Chromotes Coatings Brighteners Equipment in flat, concave and convex shapes. 
For more information, turn to Reader Service card, circle No. 416 
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Product-Design 
BRIEFS 
from Durez 


MIND OVER MOTOR 


This phenolic fan will help an electric 
motor run cool and quiet for years to 
come. 

It won’t warp out of shape if the mo- 
tor toils for hours in the hot sun or sits 
idle for days in a damp cellar. It won’t 
rattle or hum 

To the men who make the motor, it 
means a better product; the right blade 
contour with no machining. Precise 
concentricity and balance, molded in. 
Light weight. 

Perhaps you could use these advan- 
tages of Durez phenolic in one of your 
products. Your custom molder will be 
glad to talk with you about it. 


THE BROWN-BROCKMEYER 


LESSON IN LAMINATES 


Think back—to a classroom of desks 
with varnished ink-stained tops gouged 
with the initials of your predecessors. 

Then think ahead, as the makers of 
school furniture are doing. They use 
tough plastic Decarlite desk-top sand- 
wiches—laminates that take pupil pun- 
ishment in stride. The best of these 
have a layer of Durez phenolic in them. 

Lesson for today: if you want a lam- 
inate to be stiffer and harder, to be di- 
mensionally stable, to last longer and 
hold its shape better, think of Durez 
phenolic resins. They’re low in cost. 
They bond, impregnate, harden—and 
stay that way for keeps. If you’d like to 
know more about what these versatile 
resins can do for you, write us describ- 
ing the problem 


Phenolic resins 


BRAIN FOR A BOMBER 


This is a read unit of a latitude data 
computer, part of the B-52’s intricate 
bombing-navigation system made by 
IBM. 

Engineers had trouble molding one 
part (arrow). They were using a plas- 
tic which required a high molding pres- 
sure. This high pressure damaged the 
steel part of the pin assembly by forcing 
it into the locating portion of the mold. 

A switch to a Durez diallyl phthalate 
molding compound was the answer. 
This material molds at lower pressures 
and provides the right physicals with 
virtual freedom from cold flow and 
creep. 

When you want reliability in a sys- 
tem—with no room for compromise—a 
Durez diallyl phthalate compound may 
be your solution, too. For data on these 
premium-quality materials, write us or 
check the coupon. 


M FEDERAL SYSTEMS DIVISION 


For more information on Durez materials mentioned, check here: 
Phenolic molding compounds—descriptive Bulletin D400 

illustrated bulletin describing uses 

Diallyl phthalate molding compounds—data sheets 


Clip and mail to us with your name, title, company address. 
(When requesting samples, please use business letterhead.) 


DUREZ p.iaAstics DIVISION 


1407 WALCK ROAD, NORTH TONAWANDA, N.Y. 


HOOKER 





ee KO ET Oar et 


HOOKER CHEMICAL CORPORATION 


For more information, circle No. 
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HOW THE SILIGOWIES WIA HELPED 
STEADY THE “PULSE” OF DELICATE INSTRUMENTS 


ror sensitivitv-robbing vibrations! That's the assignment one 
leading manufacturer gives to the fluids used in pulsation damp- 
eners for his pneumatic liquid-density and differential pressure 
transmitters. 

Here's why this manufacturer relies on a silicone fluid such as 


L-45.. 


The oil's viscosity 


UNION CARBIDI 
which is specified to individual dash pot 
range, 


remains virtually constant over a wide t mperature 


needs 
At the same time, the unusual chemical and oxidative stability of 
L-45 makes for a near-unlimited service life. 

Next time you get into design problems with dash pots... or 
shock absorbers, hvdraulie systems, damping devices, liquid 
why not talk to vour | NION 


fluids lor 


springs, valve tappets, and the like... 
CARBIDE Man? He has a 


almost every purpose. And he can give vou acopy of the most useful 


Silicones variety of silicone 
Design File on silicones for me- 
chanical applic ations vet publishe d 

Or, u the coupon at 


Design File 
directly to you ( lipand mail today f 


SILICONES DIVISION. Union 
Corporation De; t. GM.-40 
Avenue. New York 


you wish, 


r ohit wil bring a 
ight will N. ¥ In Ce 


inada Limited, Toronto Ontario 


! " ri 


UNION Carn 
Unlocking the secrets of silicones 


Rubber, Monomers, Resins, Oils, Emulsions 


COMPANY 


elite). 


Pa §=SILICONES 


cITy 


| 
| 
| 
| 
| 
| 
| 
| 
| 
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0) Park 
nada 
Sakelite Divi n. Lnion Carbide 


Enflo Corp., Fellowship Rd. and Rt 
73, Maple Shade, N. J. 

The boards, called Enrad II, are 
said to good moisture 
and dielectric strength character 
istics for VHF and UHF applica 
tions. When laminated to copper, the 
withstand a 


have heat, 


boards are said to 2 


sec solder dip test, as well as a 
to 9-lb peel-back test. 

The producer says the boards can 
thin as 0.010 in. They 
to fit tight spaces with 


KEY NO. 612 


be made as 
can be bent 
out cracking or crazing. 
Conductive coating 

Etchomatic, Inc., 182 Newton St., 
Waltham, Mass. is marketing an 
electrically conductive resin coating 
containing copper for printed cir 
The coating, called Conduct-a 
applied by dipping, re 
drying, light 
strike. This 


level ir 


cults. 
Coat, is 
moving excess, oven 
and copper 
said to fill 


contributes to a 


sanding, 
method is and 
and 
smooth, precision plated hole. 
The 
quire 


regularities, 


not ré 
equipment or lab 
KEY NO. 613 


coating method does 
expensive 


oratory controls 


Six New Processes 
for Finishing Metals 


Products, Inc., 
St., Baltimore 5, 


Allied Research 
4004 E. 
Md. has 
its line 

Three of the pr 
coatings for non 


Monument 


added six new products to 
of metal finishing processes 
cesses are ch 
mate conversior 
two are brightening 
agents for plating 


s an addition agent 


ferrous metals, 
addition 
baths, and ons 
for copper plating solutions. 

The chromate 
designated 
All are 


zinc 


Chromate coatings 
conversion coatings are 
Iridite Nos. 1P, 7P and 11P. 
in powder form. 
Iridite No. 1P produces a dark 
green, olive drab film on zinc plate 
and a brown film on cadmium plate; 


supplied 





Correction 
Spaulding Fibre Co.’s new gas 
ket material is known as No, 44 
not No. 8&8 as_ inadvertently 
in the May issue, p 222, 
Also, the latex binder is 
SBR. 


given 
line 7 


NBR, not 














News about COATINGS FOR METALS 


from Metal & Thermit Corporation 





The thicker the “Duplex Chromium” 
... the longer the plating lasts 


The thicker this combination decorative 
chromium plate, the longer the finish lasts. This, 
in brief, is what accelerated corrosion tests show 
repeatedly. Increased corrosion resistance always 
results from thicker deposits of M&T “DUPLEX 
CHROMIUM” over a suitable nickel undercoat 

whether tests are conducted by the CASS “) or 
Corrodkote ‘2? 


new, 


methods. 

This pattern of protection is consistent 
whether panels are steel, or zinc die castings 
Note in the graph how the durability of the 
chromium plate is upgraded by thicker deposits 
A thickness of 50 millionths of an inch of M&T 
‘DUPLEX CHROMIUM” delivers a dramati« 
increase in durability. And a 100 millionths 
thickness enables samples to survive 100 CASS 
test and still maintain an ASTM dura- 
bility rating at near the perfect level of 10 
This achievement becomes all the more amazing 
when it is realized that automotive specifications 
till now only called for decorative chromium 
plate able to endure 16 hours of CASS. 


hours 


Specifying the additional chromium thickness 
is a way to increase the outdoor life of the bright 
finish. And for the ultimate in performance, 
Mé&T “DUPLEX CHROMIUM” now brings withi! 
reach of designers a decorative chromium plate 
that production problems. 


also helps solve 





e dur 
ty Rating 


3 at 8 or better 





CASS TEST HOURS 


200 mithontns 
Duplex 


Chromium 


100 mithonths 
Duplex 
hromium 











ates 


Graph indic how corrosion resistance of chromium plate and 
ability to maintain ASTM durability rating of 8 or better in CASS 
testing increases with thickness. All test panels had 0.75 mil copper 
and 0.75 mil nic undercoats — only the chromium was varied 


A UNIQUE DOUBLE PLATE 
M&T “DUPLEX CHROMIUM” consists of a deposit 
from the Unichrome Crack-Free Chromium bath, 
topped by a deposit from another special Uni- 


Left: zinc die cast panels with 0.10 mil “‘Duplex Chromium” over 
pper and nickel undercoat, when subjected to 6 cycles of Corrod- 
kote test, still rated 9 


Right: zinc die cast panel with 0.01 mil ordinary chromium over 
dentical undercoats as panel to left rated only 1 after same 6 cycles 


chrome SRHS® Chromium bath. The former 
blocks penetration of corrosives to the under- 
the latter minimizes the effects of local- 
ized corrosion cells resulting from irregularities 
in the surface of the basis metal. 

Both of these Unichrome SRHS® (self regu- 
lating high speed) baths are ideal for plating 
thicker chromium. They not only speed produc- 
tion but also simplify it. They give more uniform 
plate distribution and covering power, so that 
recesses, too, receive adequately thick deposits. 


coats ; 


More data on tests and technology available. 
Send for your copy. 


1.) Copper-accelerated acetic acid 
2.) Standard, uniform highly corrosive slurry applied on 
test piece, which is then placed in non-condensing humidity 
cabinet. Each cycle is 16 hours 


salt spray 


coatings 
and finishes 


METAL 
General 


& THERMIT CORPORATION 
Offices: Rahway, New Jersey 


For more information, turn to Reader Service card, circle No. 428 
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What 
does this 
symbol 
mean? 


If you’re responsible for 
purchasing heat and corrosion 
resistant castings, this symbol 
is umportant 


It identifies the Alloy Casting 
Institute and its members, who 
have supported twenty-five 
years of continuous technical 
research research that 
has resulted in dependable alloy 
castings for critical service 
requirements 


Can your supplier give you the 
benefits of this up-to-date 
research? It will pay you to 
investigate 


Iridite No. 7P produces a protective 
and decorative finish on copper al 
loys; and Iridite No. 11P produces 
a clear, bright protective and deco 
rative film on zinc-plated surfaces 
The film can be dyed te provide many 
pastel shades. KEY NO. 614 
Zine brighteners—The two new 
brightening agents for zine plating 

baths are called Isobrite No 
No. 334. They are designed for high 
current density plating in cyanide 
zine solutions The developer Says 
their formulations and results are 
identical, the major difference being 
that Isobrite No. ! more 
brightener per gallon than Isobrite 
No. 334. KEY NO. 615 
Copper brightene) Isobrite No 
625 is a liquid organic addition 
agent designed for copper plating 
solutions. It is said to provide a 
smooth, ductile copper deposit. The 
formulation can be used in a variety 
of installations ranging from small 
barrels to large buffing operations 
KEY NO. 616 


Asbestos Prepreg 
Withstands 5000 F 


A new prepreg composed of nor 
woven asbestos felt impregnated 
with a phenolic resin and an inor 
ganic filler is available from Joh 
Manville, 22 E. 40th St., New York 
16. 

The material, called Thermomat 
is designed for high temperature 
service in rockets and missiles. Ih 
a typical missile application, a %-i 
thick sheet of the cured materia 


PROPERTIES OF THERMOMAT > 





PHYSICAL PROPERTIES 
Density, Ib/cu ft 
Coef of Ther Exp (70-400 F) 
per °F 


Ther Cond, Btu/hr/sq ft/°F /in 


ALLOY CASTING INSTITUTE 


1001 Franklin Ave /Garden City, New York 
For technical information on corrosion resistant and heat resistant castings 


MECHANICAL PROPERTIES 
Tensile Strength, psi 15,500 
May we send you Mod of Elast in Tension, psi 14 x 108 
How to Buy High Alloy Mod of Rupture, psi 5 300 
Castings” and the 1960 Shear Strength, psi 0,300 
List of Alloy Designations? Compressive Strength, psi 
Both free for the asking Edgewise 24,500 
Flatwise 50,300 
Rockwell Hardness K74 





Cured 15 min at 300 d by a post- 
cure of 24 hr at 


For more information, turn to Reader Service card, circle No. 374 
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CASE HISTORIES FROM 
MT. VERNON FILES 


From 1 Mt. Vernon Die... 
2 Castings...7 University Speakers 


.an ingenious Mt. Vernon die with inter- 
changeable cores enabling them to cast two modi- 


This University* Loud Speaker basket won first 


prize in the New Jersey Zinc Company “Lighter 
Than You Think” Die Casting Contest. It is one 
of two castings used to produce all seven new 
University wide range Series 200 speakers. 


The basket weighs only 2 Ibs. 12 ozs; mea- 
sures 13” across corners; is 458” deep and has a 
minimum wall thickness of .040”. It is a one- 
piece, non-magnetic zinc casting that provides 
perfect rigidity for the entire structure assuring 
life-long stability and reliability. Furthermore, 
its narrow struts offer a minimum of reflecting 


fied baskets from one die. And because they have 
been working with Mt. Vernon for many many 
years, they dare to try the unconventional ap- 
proach knowing full well that they can always 
depend on Mt. Vernon to follow through. 
You may not be trying to win prizes... 
just aiming for lower product.on costs. In that 
case we can show you how it can be done with 
die castings. Just call your nearest M.V. Sales 
Representative for quick action. 


surfaces, thus avoiding unwanted peaks and val- eee ee eg ee 
leys in the frequency response of the speakers. 

University engineers, thoroughly familiar 
with inherent advantages of die casting, design 
for maximum effectiveness of the art. The result 


(il PELE EE Gas Fa inn we 
eS a ae TTT ew 


MT. VERNON DIE CASTING CORPORATION 


STAMFORD, CONNECTICUT 





BRAINTREE, MASS.: Mr. E. W. Libby, 607 Washington St. 
ROCHESTER, N. Y.: Mr. William Sauers, 101 Briarcliff Rd. 


SALES BALTIMORE, MD.: Mr. C. M. Gordan, 919 St. Pau! St. 
REPRESENTATIVES BROOKLYN, N. Y.: Mr. Robert V. Moore, 2317 Plumb 2nd St. 
CLEVELAND, OHIO: Mr. Grant Eller, 6 East 194th St. SKANEATELES, N. Y.: Mr. Jerome J. Theobald, 9 E. Genesee St. 
(&) ee. GUILDERLAND, N. Y.: Mr. David H. King, 75 Willow St. STAMFORD, CONN.: Mr. Anker Anderson, Cascade Road 
onan PITTSBURGH, PA.: Mr. Andrew W. Anderson, 300 Pasadena Drive So. VALLEY FORGE, PA.: Mr. G. T. McMaster, P.O. Box 115 


For more information, turn to Reader Service card, circle No. 420 
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NYLASINT ... the only nylon with 
permanent, built-in oil lubrication 


BRONZE 


NYLASINT 


é: BLEED OIL 


pry 4 


gh wide temperature ranges and centrifugal speeds up to 1,000 


NYLASINT sintered nylon parts won’t bleed. 


mpregnated, sintered bronze which bleeds 
ibove), NYI ASINT holding up to twice as 
anently lubricated to reduce friction, increase wear resistance and 


minate contact corrosion. 


additives also give resilient NYLASINT parts ‘outstanding 


nensional stability and high load capacity important for such 


rse fields as missile components and steel office 


NYLASINT you get all the prime advantages of 
rformance no other material offers in applicati 


bushings, guides and washers. 


hnical dataon NYLASINT, ca 
NYLASINT Bulletin BR-1111 


INDUSTRIAL PLASTICS 


Halex Corporation 


a subsidiary of The Polymer Corporation 


Reading, Pa. 


For more information, turn to Reader Service card, circle No. 443 
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ted the metal casing of a solid 
fuel compression chamber operating 
it 5000 F for approximately 90 sec. 
The prepreg is supplied as a sheet 
measuring 14 in. wide by 12 ft long 
by 16 in. thick. The producer says 
sheet extremely conformable, 
and permits convenient one-man lay 
ips 
The prepreg is supplied in a vari 
ety of styles with varying resin, 
asbest and filler contents 


KEY NO. 617 


Coal Tar Coatings 
Resist Chemicals 


Two cold applied, coal tar emul 
sion type coatings are being mar 
keted by Koppers Co., Inc., Koppers 
Bldg., Pittsburgh 19. Both coatings 
are said to ighly resistant to 
chemical 
> One is a heavy duty coating suited 
for intermittent plash and high 
chemical “fallout” areas. The coat 
ing, called situplastic No. 383, is 
ntended for use on structural steel, 
deck areas and sheet piling. It 
said to withstand temperatures up 
to 400 F, and to have good abrasion 
resistance Che coating can be ap 
plied by brush, roller or spray. 

KEY NO. 648 
> The other coating, called Bituplas 
No. 44, 


used to adhere cellular glass insu- 


as been successfully 


lating blocks to storage tanks and 
to underground piping, and as a 
general purpose insulation mortar 
It is said to be ideal as a top coat 


KEY NO. 649 


Polysulfide Compound 
Seals at —70 to 300 F 


4 polysulfide sealing and potting 
compound for use at temperatures 


from —70 t 00 F has been intro 


ELECTRICAL PROPERTIES OF PR-1460 





Volume Resistivity, ohm-cm 
Surface Resistivity, ohm-cm 
Dielectric Strength, v/mil 
Dielectric Constant (1 mc) 
Power Factor (1 mc) 





*Specimens cured 48 hr at 





SIGNIFICANT ADVANCES IN BERYLLIUM TECHNOLOGY COME FIRST FROM BRUSH 


BERYLLIUM COPPER HELPS BLOW MOLDERS FILL HUGE DEMAND 


, Cast beryllium copper molds allow shorter molding cycles, 
| give longer, more economical production runs. 


Blow molders produced 500,000,000 polyethylene 
containers last year. This year, the big question 
seems to be, *“‘Can they puff out enough containers 
to meet the expected one billion demand?’’ 
Molds made of beryllium copper offer part 
of the answer. 


For mold makers, this Brush- supplied 
alloy is easy to cast to shape y without 
expensive machining, simple to heat 
treat to hardnesses of Rockwell C44 and tensile 
strengths to 175,000 psi. For producers of plastics, 
tough beryllium copper molds last longer, reducing 
replacement downtime. The alloy’s high 
thermal Ww conductivity aids in shorten- 
ing mold cycles for more 

output per machine hour. iy 


Molds for plastics may not be 

your prob- * lem, but Brush may 

have the answer to some of your tough 

material requirements. For more infor- 

mation on beryllium, its oxide and its versatile 
alloys, contact us at 5209 Euclid Avenue or ENdicott 
1-5400 in Cleveland, Ohio. 


BERYLLIUM COMPANY 


For more information, turn to Reader Service card, circle No. 414 
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a series 


Eastman 910 Adhesive 
solves another 
production bottleneck 


ufacturing Company, of 
makes the Ric-O-Shay 
gun that 
chetting bullet 

generated by a bent 
wire vibrating against a thin 


Hubley Mar 
Lancaster, Pa 


simulates the 


whine OF a Tic 


The sound is 


musical 


Drass percussion plate 


, , , 
alloy Ssiug, die 
cast onto the end of the wire 


! 
properly positioned and rigidly 


An L-shaped zinc 
must be 


nounted in the percussion plate rim 


to obtain a realistic sound. Several 


fastening techniques were tried, wit! 


limited success. The high-strength 


bond and simple application of quick 
astman 910 Adhesive solved 
bottleneck 
adhesive produced a 
h the high resistance to vibra- 
for long service life 
O Adhesive is making 
more economical as 
yperations and new de sign 
for many products. It 
vhere extreme speed of setting 
rtant, or where design require 
lve joining small surfaces 
mechanical fasteners or heat 
ements 
Adhesive is used as it 
ing, no heating. Simply 
a thin film 
faces. Light manual 


With 


ng bonds are made with- 


ive into 


ygers setting most 


— 14 
'y design problem 


j he 
sive solve for you 


Bonds Almost Instantly 
with Contact Pressure 
No Heat... 

No Catalyst... 


trial quantity (%4-o0z.) send five 
to Armstrong Cork Co., Industrial 
9107 Dunbar Street, Lan- 
Chemical 
Chemicals Div., Dept. E-7, 
Not for drug use) 


Des. File, 7/E 


lollars 
4 dhesives Div 

to Eastman 
Products, In« 
Kingsport, Tenn 
} ] ) Prod 


et’s 19€ 


For more information, circle No. 419 
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luced by Products Research 

:126 Los Feliz Blvd., Los Angeles 39 

The product, designated PR 1460 
] 


and recommended for use in electri 


al equipment, is said to provide a 


} 


positive seal against dirt and moist 
ure. It is a high solids, two-part 
compound based on a liquid polysul 
fide rubber. The 


at room temperature to 


base material cures 
a solid rub- 
an accelerator. 


KEY NO. 650 


ber when mixed with 


Ceramic Powders 

Used in Hot Tooling 
Corning Glass Works, Corning, 

N. Y. has dev 

powders for us¢ 

The 

firing, and 


lope d 
in hot t app 


+ 


cations powders require no 


eparate dimensions of 
parts made of the powders remain 
Parts made of the 


machine 


stable n use 
powders can be 
yund., 
First 
tools, jigs and fixture 


the aircraft 


applications are 


and m 


where shaping of ex 





Natural diamond grit—A new type 
of natural diamond grit, especially 
suited for use in metal-bonded cut 
grinding tools, has been 
by Diamond h 
Laboratory, Johannesburg, 
Africa. The grit is produced by a 
new selecting process in which weak 
and friable diamond 
removed. According to the de ve lope Te 
found stronge: 
so far avail 
marble, 


ting and 


leve loped Rese arc 


South 


particles are 
the grit has 
than any diamond grit 
able. In cutting concrete, 
tile and similar materials 
with the grit, a 30 to faster 

te was achieved than has 
previously possible. 


been 


abrasive 
50% 
cutting rate 


peen 





ENGINEERING 


General Electric 
RIV 


LIQUID SILICONE RUBBER 





Cures at room temperature, 


useful from —7O°F to 4+-600°F 


*s expanding family 
rubber compound 
They 
resist tempera 
moisture ozone, 
raft fuels. Avail 
range of viscosities 
than any 
d) to 


General k lectri« 
of RTV silicone 
all cure at room temperature 
contain no solvents 
ture extremes 
weathering and air 
able in i wide 
from 120 
other silicone rubber compoul 
12,000 Important appl 
tion areas include 
SEALING AND CAULKING 

Aircraft I 


for pressure 


poise (lower 


poses. 


manutacturers use 
sealing of cabins 
cockpits, fire walls, fuel tanks 
hot air ducts. Protection for eles 
tronic packages is provided by 
( iulking asse¢ mi! lie s ind sealing 
seams and lead holes with RTV. 
ELECTRICAL INSULATION 
Good electrical properties and out 
standing heat resistance have led to 
RTV’'s use in coil impregnation and 
ind trans 


sprayed 


encapsulation of motors 
formers an be 
painted, or applied by dipping 


Cure times can be varied from min 


poured, 


utes to several days 

MOLDING AND TOOLING 
Parts cast in RTV molds 
reproduce with precision detail 
Built-in parting agent assures easy 
RT\ 


mon problems as excessive 


flexible 


eliminates such con 
shrink 


release. 


age and separate release agents 


and a free test sample 


at plicatior 


For more tnformatior 


i} } 


wietiy descril 


write 
(rie Company, Silicone Prod 


to General Elec 
ucts De partment, Section 2, Waterford, Vv.) 


ung your 


GENERAL 
ELECTRIC 


For more information, circle No. 324 





A new family 


of materials 
to meet 
Special problems 


SHOCK 
STRESS 
ABRASION 


AMSCO ALLOY 
DESIGNATION 


MY 


AMSCO ALLOYS 


In addition to austenitic manganese steel castings—long known for 


their exceptional service life in mining, construction, quarrying and 


application needs. 


DESCRIPTION AND USES 


Heat-treated, chromium alloyed manganese steel... for use 
in light-to-medium weight castings requiring modest improve 
ment in growth and distortion, and increased stiffness. 


milling applications—Amsco now offers seven other ferrous alloy 
materials. These include specially alloyed manganese steels, chrome 
moly steels, high strength alloyed steels and alloyed cast irons. 
Each has particular advantages for specific service requirements, 
involving various combinations of impact, 
the brief facts on these alloys below. 
engineer to assist in selecting the one best material to meet your 


stress and wear. Check 
Then call in an Amsco sales 


MECHANICAL PROPERTIES 


tensile strength 
yield strength 
elongation 
reduction of area 


120,000 psi 
56,000 psi 
. 45% 
30% 





Heat-treated, molybdenum alloyed manganese steel... for 
castings requiring improved weldability, for extremely heavy 
metal sections, and castings exposed to excessive heating 
environments. 


tensile strength 


yield strength ... 


elongation 


reduction of area .. 


120,000 psi 
52,000 psi 





Heat-treated, molybdenum alloyed manganese steel for 
use in castings requiring optimum mechanical properties and 
wear resistance. Provides improved stiffness and resistance 
to peening and flow. 


tensile strength 
yield strength . 
elongation 
reduction of area 


120,000 psi 
65,000 psi 
20% 
18% 





Heat-treated, air-hardening chrome-moly steel... for casting 
applications involving scouring or grinding wear. Suitable for 
more complex casting designs. 


tensile strength 
yield strength . 
elongation 
reduction of area 
hardness 


155,000 psi 
130,000 psi 
. 10% 
15% 


. 275-375 BHN 





Heat-treated, air-hardening chrome-moly steel... exhibits 
potentially improved wear resistance over CML (above), when 
shock loading is not sufficiently severe to cause breakage. 


tensile strength 
yield strength 
elongation 


reduction of area .. 


hardness 


155,000 psi 
130,000 psi 


7% 


. 300 400 BHN 





Martensitic, multiple alloy steel with chromium, nickel and 
molybdenum... combines high mechanical strength with 
good abrasion and wear resistance. 


tensile strength 
yield strength 
elongation 
reduction of area 
hardness . 


220,000 psi 
195,000 psi 
8% 
20% 


300 500 BHN 





itstanding abrasive 
low but particle 


High chromium cast iron... provide 
wear resistance, where impact force is 
velocity and scouring forces are high. 


tensile strength 


transverse strength 


deflection .. 
hardness 


60,600 psi 
7,000 Ibs. 
0.12 in. 


400-600 BHN 








For further information “AMERICAN 
—write for technical bulletin on || Brake Shoe | 
“Amsco Ferrous Alloy Castings”. COMPANY | 


American Manganese Steel Division . Chicago Heights, Illinois 


For more information, turn to Reader Service card, circle No. 390 
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NTR TT ESOT 
GRAPHITE 


As A Problem-Solving Material? 


Are you looking for an economical substance that 
combines machineability, chemical inertness, high 
thermal conductivity, high temperature stability, 
resistance to thermal shock, corrosion resistance? 


Are you looking for a material that has proved 
to be highly suitable for such diverse applications 
as vital nuclear reactor components, molds and 
dies for metals casting, sintering boats and trays, 
run-out tables and canisters, refractories, brazing 
fixtures, linings in chemical process equipment, 
thermocouple shields, and electric resistance fur- 
nace parts? 


lay we have the opportunity of helping you 


rials design problem with some 
graphite being produced today by 


t graphite producers in the world? 


GREAT LAKES CARBON CORPORATION 


PRINCIPAL CITIES 





ITH STREET, NEW YORK 17, N.Y OFF Ces N 


For more information, turn to Reader Service card, circle No 341 


HEARING AID MAKER 


gets sound savings 
with tiny GRC 
mating parts 


die cast in zinc alloy 
for Centralab miniature 
volume control 


Custom precision with production economy: the combina Write for detailed bulletin 
or send prints for 


tion Centralab needed—and found—with GRC's design eusteiten 

experience and exclusive single cavity die casting tech 

niques. These uniform, complex mating parts, with overall NO SIZE TOO SMALL! 
tight tolerances (some to 0.0005"'} are another exam 
ple of the way GRC has opened new approaches to prod 
uct design how GRC can help solve your tiny parts 
problems at substantial savings 

Quick deliveries on quantities of 100,000 to many millions 


weight '/) oz 
length 1%" 


api GRIES REPRODUCER CORP. ti 


pas ne 
os World's Foremost Producer of Small Die Castings (eR) (Z<— 
. 153 Beechwood Ave., New Rochelle, N. Y. © NEw Rochelle 3-8600 xx mt 





For more information, turn to Reader Service card, circle No. 395 
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eat and pressure, 
a hydraulically bonded 
Shapes are formed by cast 
no additional work is r¢ 

a piece in service 
temperature of the ct 
ramic powder is 2500 F, therma 
onductivity 0.723 Btu/ft/°F/hr, 
lensity is 110 lb per cu ft, and com 
rth 2000 to 3000 ps 
KEY NO. 619 


Cort multi-bonded zircon 


pre 


Shape e formed by compactior 
They : eld together initially by 


wi 


throughout the g stages 
lig ble I nkag 0.35%) occu 
ing the hift from chemical 
ramic bonding 
Service temperature of Cortam] 
above 4000 F. thermal conducti' 
1.08 Btu/ ft F/hr, density 
u ft, and compress 
trength is 10,000 to 12,000 psi 
The powdered materials are avail 
able in 100 lb packages. Cost is said 
competitive with chemically 


KEY NO. 620 


Polyethylene Castings 
Resist Moisture, Heat 


A one part polyethylene copoly 
mer casting resin is designed as an 
electrical insulation for microwave 
and other electronic devices. 

The developer, Emerson & Cum 
ing, Inc., 869 Washington St., Can 


Electrical insulation made of new 
polyethylene casting resin can he 
used at temperatures above 225 F. 





SHEAR 








STRENGTIAl 


ede ae 


ot Ciao Tuse Syerr 


Hydraulic Pressure tests on Bridgeport Brass Company’s patented cladding system show perfect 
no-leak bonds over 3000 psi. 


... Bridgeport Brass Uses EASY-FLO 45 to Bond Their Clad Metals 


The “thick and thin” of cladding—from .010 to 
2°4” in a combination of ferrous and non 
ferrous metals—calls for a bonding agent that 
will hold under the most severe forming and 
service operations. The answer, in every respect, 
is Handy and Harman’s silver brazing alloy, 
EASY-FLO 45. 

The uses to which these clad metals are put 
range from the kitchen to power plants, refin- 
eries, chemical and food-processing installations. Famous 
Bridgeport Copperware, used by housewives throughout the 
country, is made from a triple-clad metal consisting of a sand- 
wich of two sheets of .010 stainless steel bonded to both sides 
of a sheet of .025 copper. The metals are joined in Bridge- 
port’s patented process at finish gauge. So strong is the bond 
that no difficulty is encountered in the forming operations 
which follow. 

Tube sheets, though their uses are far from “domestic,” re- 
quire the same “bondability.” Tests at Bridgeport show that 
shear strength exceeds 20,000 psi. And this involves the clad- 


Sa 


ding of carbon steel to as many different metals 
as stainless, brass, Monel and copper. 

The primary need here, of course, is strength. 
EASY-FLO 45 has other attributes that are 
more than welcome under any metals-joining 
conditions: thermal and electrical conductivity, 
gas- and liquid-tightness, ductility, ease of ap- 
plication and economy are some more that we'd 
like you to know more about. We are ready in- 
deed to further acquaint you with the significant benefits of 
silver alloy brazing by sending you our Bulletin 20, which is 
a clear and comprehensive introduction to one of the simplest, 
saving metals-joining methods in existence. Handy & Har- 


man, 82 Fulton Street, New York City 38. 


Your No. 1 Source of Supply and Authority on Brazing Alioys 


HANDY & HARMAN 


General Offices: 82 Fulton Street, New York 38, New York 


For more information, turn to Reader Service card, circle No. 442 
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PROPERTIES OF XF-1034 





Let us show seo Hc e Viscosity, cs 


Viscosity- Temperature Coefficient 


you how to es hae Specific Gravity 
; Refractive Index 


KEEP —— - / : IN ‘TAL Flash Point, F 
COMPONENT _ Fire Point, F 


Pour Point, F 


COSTS Surface Tension, dynes, cm 
DOWN! ¢: ton, Mass., says cured castings car 
’ be used at temperatures above 225 F. 

The material, designated Stycast 

TPM-5, is also said to have good 





The fluid, presently availabl 
developmental quantities, is a d 
methyl polysiloxane-polyoxyalkylene 
moisture resistance. 
copolymer. It is water soluble. 


Castings ade of materi 
astings made of the naterial KEY NO. 622 


are said to have physical and elec 
trical properties similar to those of 
high density polyethylene. 


xey no. 62) Contoured Honeycomb 
Resists Heat, Stresses 


A contoured, all-metal honeycon b 


Silicone Fluid Controls structure, now available, may be the 
Urethane Cell Structure answer to severe stress and heat 


problems encountered in high flying, 

















A new silicone fluid is said to pro high speed aircraft, missiles and 
duce a small and uniform cell struc space vehicles. The honeycomb 
ture in Ag agg foams. The made by a new process in which co! 
fluid, called XF-1034 and developed toured metal structures can be made 
by General Electric Co., Silicone in a variety of shapes and sizes 
Products Dept., Waterford, N. Y., is Processing details have not been dis 
designed specifically for one-shot closed. 
polyether flexible foams and Freon The developer, Allied Research & 
blown rigid foams. Engineering Div., 6916 Santa Mor 


4 





mai 


| 

 EDPS REQUIRED TOLERANCE: 0275 
| RR DELIVERED TOLERANCE: *.0100 
-_ 
| 
| 


Producing aluminum support gimbals for an 
i ‘ Eastern instrument company, OPC turns out 
: a plaster mold casting that matches a pri 
mary tolerance of 005”, and easily sur 

1 . - passes an overall tolerance requirement of 
102” | ‘ t 0275”. Every detail of these castings, in 
cluding sixteen tiny notches and the deep 
curved openings at either end, is precision 
finished to minimize machining time and 
costs. 

OPC, working with a wide range of alloys 
—aluminum, brass, bronze, beryllium copper 
—can produce 10 or 10,000 small parts for 
you .. . accurately, economically and right 
on schedule. 


Send a sample or blue print 
for estimates. 





Art Wire specializes in wire forms de 
signed for today’s automatic producti 








lines manufactured with the pre 
formity that assure the 
terrupted work 
and the 
by Art Wire's mod 





methods mean great 


and greater profit in 








| 

| 

| 

| 

| 

| 

| 

| 

! 

| 

| 

| 

| 

+ 

PLASTER MOLD CASTINGS — Brass, Bronze, Aluminum, Beryllium Copper WRITE 
ART WIRE AND STAMPING CO. oPc FOR 


OHIO PRECISION CASTINGS, INC. Bia 


13 Boyden Place, Newark 2, N. J 
0 ace, Mewar 109 Webb St. Dayton 3, Ohio 





For more information, circle No. 345 For more information, turn to Reader Service card, circle No. 436 


182 *« MATERIALS IN DESIGN ENGINEERING 





FITTING THE MATERIAL 
TO THE APPLICATION 


No two rubbers are alike. Be sure that, 
when you design a rubber part, you 
specify precisely the type of rubber 
needed for the job involved. Garlock 
RUBBER will be glad to offer help, having had 
: : years of experience in the engineering 
in Design and production of molded and ex- 
Engineering nim die-cut, and metal bonded 
Natural Rubber—used where high ten- 
sile strength and resiliency are re- 
quired. Good air-aging properties. 
Resists dilute aqueous solutions. Ap- 
plications include automotive air 
springs, shock mounts, tubing. 


Styrene Butadiene Rubber used where 
resistance to aging is important. Good 
abrasion, water resistance. Readily 
available, low cost. Applications in- 
clude weather stripping, pipe joint 
gaskets, bushings and grommets. 
Nitrile Rubber—extremely good oil and 
gas resistance . . . low solubility, low 
swelling, good tensile strength, excel- 
lent abrasion resistance. Used up to 
+250° F as oil seals, ‘“‘O”’ Ring pack- 
ing, oil resistant parts. 

Neoprene Rubber relatively unaffected 
by oxidation, weathering, ozone, sun- 
light, chemicals. Good resistance to 
abrasion, cutting, chipping. Applica- 
tions include bridge pads, flexible 
couplings, spark plug boots. 


Butyl Rubber—outstanding impermea- 
bility to gases, excellent dielectric 
properties, good resistance to tearing 
after aging. Unaffected by weather, 
ozone. Used as hydraulic seals, vibra- 
tion mountings. 

Garlock also offers a complete line of 
specialty rubbers to resist the higher 
temperatures and more reactive fluids 
introduced by modern industry and 
the jet age. 


GAR L O 


Further information may be obtained 
from your Garlock representative at 
the nearest of Garlock’s 26 sales 
offices throughout the U.S. and Can- 
ada. Or, write for Catalog AD-167, 
Garlock Inc., Palmyra, N. Y. 


Canadian Div.: Garlock of Canada Ltd. 


Plastics Div.: United States Gasket 
Company 

Order from the Garlock 2,000. . . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded & Extruded 
Rubber, Plastic Products 


For more information, turn to Reader Service card, circle No. 352 
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ALWAYS IN STOCK FOR IMMEDIATE DELIVERY 


BLUE AND POLISHED TEMPERED SPRING STEELS 
n thicknesses from .002 to .062 in widths from .125 to 6.00. 


ANNEALED SPRING STEELS 


in coils and straight lengths in widths from 64” to 24 
and in the following thicknesses 
.41/.60 carbon from .020 to .062 
.60/.80 carbon from .010 to .187 
90/1.05 carbon from .002 to .156 





WRITE FOR OUR FREE HANDBOOK 
ON SPRING STEELS 


A. R. Purdy Co., Inc. 


nw. puroy © Orient Way and Page Avenue, Lyndhurst, New Jersey 


DISTRIBUTORS OF STEEL-ALUMINUM-MAGNESIUM 











Telephone the Purdy office nearest you! From Connecticut, Binghamton, Buffalo, 
Eimira, Rochester, Schenectady, 
LYNDHURST: WEbster 9-8100 and Utica: ENterprise 6400 


NEWARK: HUmboldt 2-5566 

From Boston, Pittsfield, Springfield, 
Worcester, Massachusetts, and Providence, 
SYRACUSE: GRanite 5-9944 Rhode Island, ENterprise 6379 


NEW YORK: CHelsea 3-4455 


For more information, turn to Reader Service card, circle No. 429 





FAST ECONOMICAL 


R $ 
conch ne produc 
ma 


Consult — 


nodern plant ar 
irning, grinding, n g, 
hreading, heat-treating and electro 
ating are available for small or on 


arge volume. Simple or intricate, prototypes 
anged or tapered designs from .020 ae 
to 1.00” diameter Send drawings an sample 
ind specifications for quotations quantities 


pettiness SPECIALTIES 
co - INC *) 


* SWEETS 
1 Bergen Boulevard 


Little Falis, New Jersey 
Telephone: CLifford 6-3500 


For more information, turn to Reader Service card, circle No. 351 
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Contoures honeycomb can be mad: 


ima varie oT shapes and sizes. 


ca Blvd " Los Ange les 38, Calif 9 
says the honeycomb is_ presently 
being made of a high purity nickel 

Skin and cell walls can be as thi 
as 0.0005 in. Thickness of the ski 
is said to have no bearing on cell 
wall thickness, or vice versa. For 
example, a cell wall thickness of 
0.0005 in. is entirely compatible with 
a skin thickness of 1/16 in., accord 
ing to the producer. 

The new product can be mad 
with load-bearing inserts, mounting 
brackets, etc. Cell size can be varied 
to provide optimum _ strength-to 
weight characteristics. The honey 


comb structure can be welded 


; 


conventional techniques 


KEY NO. 623 


New ABS Plastic for 
Injection Molded Parts 


An easy processing, high gloss ABS 
(acrylor it sutadiene styrene) 
plastic, now available, has been de 
signed pecifically for injectiol 
molded and sheet consumer produ 
such as appliance housings, automo 
tive trim, radio cabinets, telephone 
sporting goods and small wheels. 

The new thermoplastic is a prod 

of Naugatuck Chemical Dir 
U. S. Rubber Co., 1230 Avenue 
the Americas, New York 20 
Easily molded 

Tests show at the materia 
called Kralastic MH, can be inje« 
tion molded at faster speeds than 
conventional ABS plastics, and at 
approximately the same molding 
speeds of such plastics as cellulosics, 
impact styrenes and polyolefins. The 
material also processes well in vac 
uum forming and sheet extrusion 
operations. 

The developer says molded parts 
can be machined, drilled, painted, 





What every designer should know about... 


High nickel alloy 
cold wound springs 
for high temperature service 


When made of able materials, 
particularly age-hardenable al 
loys, cold-woune springs will provide 

prop- 


tresses than those 


omewhat his r mechanical 
rties and de 
obtainable in hot-wound springs. 
The heat trea 
alloys, other than triple heat- 
ing Temper Inconel “X” 

ire such that distortion during aging 
ing is minimal. For 


onel “*X 


to mount 


tments used for the 


ckel 


treated Spi 


riple heat- sated Inc 
prings it necessary 
prings on a heat-resisting mandrel 
to avoid distortior 

All of the high-nickel alloy springs 
spring 

temperatures 
Some in- 
crease tensile and 
shear properties with no significant 
or adverse effect on elongation or im- 


retain outstanding charac- 


T at sub-zero 
320 F r 


is imparted to 


eristics 


down to lower 


pact properties 
The nickel-copper alloy “K’’ Monel* 


and the nickel-chromium alloys 


For more 


Inconel and nel “X” are non- 
magnetic and the cold work resulting 
from cold drawing to spring temper 
or cold windir ave no adverse ef- 
fect on thei permeability. 
The nickel-magnesium alloy 
“Permanickel” 


conductivity f all of these 


» highest elec- 
trical 
high-nickel al and 
found useful ation for springs 
of limited current-carrying capacity 

Grain coarsen annealing of Spring 
Temper Inconel and No. 1 Tempe 
Inconel “X” has been found to signifi- 
cantly improve resistance to relaxa- 
tion at elevated 

One of the out 


as a result has 


temperatures. 
tanding character- 
Inconel and Inconel “X”’ is 


their re¢ Stance relaxation at ele- 


istics olf 


at design 
curvature, 


vated temperatures, 
corrected for 
that will permit useful designs with- 
out consuming excess space. 

A useful guide for selection of ma- 
terials for elevated-temperature ser- 
vice is shown below 


stresses, 





GUIDE FOR USE OF NICKEL ALLOY COLD WOUND SPRINGS 





Stress; 
1000 psi* 


Service 
Temp-°F 


Temper Heat 
Alloy Treatment 





Str. Re Up to 450 0-40 
Aged Up to 500 


z Aged 





1. Wire sizes up to 7/16 t 
depending on material 
index. 

2. Grain anneal 
final cold draw. 


coarsen 
3. Will vary depending on alloy, tem- 
per and end use consult 
Technical Bulletin T-35. 

1. For elevated-temperature service, 
lower stresses applicable to higher 
consult T- 

Inconel and Inconel “X”’a 
outstanding resistance to high purity 
waters containing chlorides, to hot 
fatty acids and most neutral and 
alkaline salt solutions. The alloys re- 
main bright indoors indefinitely 

In many cases Inconel and Inconel] 
“X” offer cost advantages, both hot 
and cold wound, over high alloy steels 
or springs elevated- 
temperature service. 

Helpful New Technical Bulletin 
T-35, “High Nickel Alloy Helical 
Springs” gives newly-developed in- 
formation on test methods for re- 
axation; relaxation data and recom- 
effects of 
coarsen annealing; triple heated 
Spring-Temper Inconel “X”’ 
vice up to 1200° F; and hot forming 
Write today for newly- 
revised Technical Bulletin T-35. 


HUNTINGTON ALLOY PRODUCTS DIVISION 


The International Nickel Company, Inc. 
Huntington 17, West Virginia 


revised 


temperatures 35 
lloys have 


intended or 


mended stresses; grain 
for ser- 


practices. 


'INCO. ALLOY PRODUCTS 





TRADE MARK 


information, turn to Reader Service card, circle No. 448 
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STRAITS 


TIN 
REPORT h e 


WM 
News of developments /. “© 
in the production 


and uses of tin 
BUREAU 


Alpha-titanium, containing 2.5 
tin, is the structural material used for 
> X-15 n Addition 


tin provides greater creep resist 


inned spaceship 


ince. This alloy is widely used in 
rcraft applications. It has the char 


cteristics of high-grade steel, but only 


Tin alloys y be used as hot 


| 


dipped or electrode t 


posited coatings on 
other metals or they may be cast as 
the base metal. Use of tin will result 
in one or more of these characteristics 


finished products 


nly alloyed with oppel 
, antimony, bismuth, aluminum or 
iron; less commonly with nickel id 


] I iwnesiun zine, merceury 


ranese, tellurium 


Electronic components us¢ 


tin in many applications 


Transistor 


leads and caps are tinned. Tin-indiu 


solder JOINS glass to metal, glass to 


lass. Printed circuits use 60-40 tin 


lead solder Potentiometer brush arms 


ind springs are made of tin-containing 


4 tin 


1uth-stannate, stabilizes 


spring-temper phosphor bronze 


against temperature change 


Tin news \ 


The Malayan Tin Bureau 
Dept. 24G, 2000 K t, N.W., Washingt 6, [ 


For more information, circle No. 329 
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metallized, cement 


Properties 
The new plastic is said to with 
and continuous exposure to tem 
perature up to 185 F. It is also said 
have good abrasion, mar and 
chemical resistance 


KEY NO. 624 


Graphitized Lubricant 
Resists Heat, Pressure 


Perma-Slik is the name given to 
a new graphitized molybdenum di 
sulfide lubricant supplied in a spray 
ible suspension The 

Ve rl] ube 


forth Hollywood, Calif., says 


deve lope re 
Corp., 6940 Farmdale 
cant stays b ied to sur 
faces at temperatures from 

00 F and at pressures up to 
psi The 


ilybdenum disulfide 


000 


1:1 


lubricant, unlike other 
suspensior 
wash off 

ommended fo 

nt, automotive 
ve stems, p tor 
ind bakery equip 
applied to steel, 
ckel, aluminum, 


and wood 


KEY NO. 625 


Glass Shapes for 
Filler, Packing Uses 


Low cost glass 
re commercially ‘ lable f 


rning Glass Works, 


rom 
jorning, N. Y 
use in filler, packing, filtering 
tumbling applicatior 
The glass pillows are supplied 
d and hollow in 
in. The balls are 


1 


diameters up to n 


lengths up 

supplied 
hollow pillows are said t 
provide a low density filler mater l 
for such applications as packing in 
aircraft wings where the glass gives 


both structural suppo and buoy 





PROPERTIES of most engineering ma- 
terials can be found in the third 
edition of M/DE's Materials Selector 
reference issue, published last October. 
Names and addresses of suppliers are 
also listed 











ENGINEERING 


Graphite 


Specialties 
O10} :3:10):9 Viele): | 


Solves 
difficult 
problems with 
GRAPHITE 


FURNACES 
CHLORINE HEATERS 
MECHANICAL USES 
SPACECRAFT 
ATOMIC ENERGY 
METALLURGICAL 
PROCESSING , 


Graphite Specialties 
CORPORATION 
64th Street and Pine Avenue 
I iretet-te- Wat lite |-\ae dela: 


For more information, circle No. 369 
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Lead Antennas 

During the Korean War, Helicopter 
design engineers were stumped with 
the problem of finding space for the 
radio antennas for rescue helicopters 
A stretched wire antenna seemed to 
run afoul of something no matter where 
it was placed on the craft. Lead tape 
saved the day. Adhesive backed, the 
tape could be stuck to any convenient 
member of the frame. A single bolt 
through the tape and its supporting 
surface (insulated from metal parts, of 
course) clamps the electrical lug in 
place to complete the antenna 


~ A 


The call for help that brought this Bell 
Rescue Helicopter was received with a 
lead tape antenna 
Rotor Blade Test 
Nor is lead tape confined to flying heli 
copters. Kaman Aircraft Corporation 
uses it to find the balance point of rotor 
blades at various pitch angles. Thin 
enough to not change critical contours, 
the tape nonetheless packs enough heft 
to be handy in prototype testing 
Though the tape is replaced by metal 
structural members before any aircraft 
is used or sold, it does save time in mak 
ing on-the-spot quick weight changes 
in the exact increments required 
Lead Masking Tape 

Turco Products’ new chemical milling 
process employs powerful etchants to 
remove the metal of the complex shapes 


it produces. Since it is so fast and easy 
to apply, lead tape is a time-saver here, 
too. It can be trimmed to a clean, sharp 
outline. It resists the etching solution. 
It has become a handy adjunct to other 
masking materials—especially to cover 
pinholes and mask edges 


Oilless Bearing for —328° to 
536°F. Operation 


Bearings that require no oil, grease 
graphite, or any other applied lubrica 
tion have long been a designer’s dream 
This dream is now a reality. Developed 
by the British and called DU, this 
bearing material is available in the U.S 
from the United States Gasket 
Company 


DU combines the well-known excellent 
bearing properties of lead with the 
ultra-low coefficient of friction of TFE 
fluorocarbon plastics. A mixture of lead 
and TFE powders is impregnated in a 
fine porous bronze skeleton which pro 
vides high heat conductivity to keep the 
bearings cool. Tin-plated steel backs 
up this combination. The result is a 
bearing material with low friction 
characteristics, very low wear, and 
high compressive strength. DU bear 
ings endure intermittent operation at 
40,000 psi compressive load where ball 
races had previously failed 


And that’s not all. DU bearings have 
operated successfully at —328°F. and as 
high as 536°F. Quick, wide changes in 
temperature cause no difficulty either 
Although new, DU has already found 
many applications. Among them: jet 
engine air intake vane bearings, landing 
gear and control rod bearings, and 
in automobiles in the electric starter 
motor, generator, steering column and 
other locations 


Lubrication for 1250°F. Service 
Developed at NASA 

An effective lubricating system for use 
up to 1250°F. ambient temperatures 
has been developed at the NASA Lewis 
Research Center in Cleveland, Ohio. A 
bonded lead oxide film was the answer 
here. Applied in the manner of porce 
lain enamels to stainless steel (type 
140C), the film consists of PbO, 5 
SiOz and about 5 Fe2O; absorbed 
from the steel during firing. 


LooK AHEAD 07 L 
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Compared to commercial resin-bonded 
type molybdenum disulphide coatings 
the PbO films provided superior wear 
and lower friction coefficients above 
600°F. These coatings operate best at 
high temperatures and high sliding 
velocities. In fact, at sliding velocities 
from 2,400 to 10,000 ft. per min. the 
friction coefficients were practically 
constant (F 0.05 to 0.08) at all tem 
peratures studied 


\s ambient temperatures are increased 
endurance life is found to increase 
and approaches a maximum at about 
1,000°F, then decreases slightly at 
1.250°F. Although other lubricants are 
superior below 600°F, these coatings 
have satisfactory properties in the low 
temperature range so that they can be 
used in operations which start at low 
temperatures before coming to the 
higher operating temperatures 


Permanent Color for 
Lightweight Buiiding Block 


An important new addition has been 
put in the architect’s bag of tricks by 
Zonolite Company — glazed lightweight 
iggregate building blocks. These light 
weight blocks are permanently water 
proof, permanently colorful. And since 
both interior and exterior walls are 
glazed, they are both finished and ready 
for use without further protection or 
decorating 

[he blocks are a reality because of 
Lead’s ability to promote glaze-body 
reactions, control viscosity, and pro 
duce a low surface tension, all at low 
firing temperatures. A wide variety of 
textures can be produced from rough 
and matte to smooth and glossy, even 
over the rough texture of the block 
itself 

If you would like information o: 
technical assistance on new lead de 
velopments and applications, write to 
Office of Technical Information, Lead 
Industries Association, 292 Madison 


Avenue, New York 17, N.Y 


For more information, turn to Reader Service card, circle No. 328 
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specifically for light stabilizing poly 
ethylene and polypropylene plastics 
Tests showed that polyethylene sta 
bilized with Cyasorb UV 314 retained 
up to 88% of its initial elongatio! 
after four months’ exposure to seve 
sun conditions in Arizona, 
Marine ropes and fabrics for aut 
tive upholstery and lawn furn 
of the products that 
ith light stabilized 
polypropylene fibers, 
Cyanamid. Film and 
ns might include 
Hollow pillows (/ ) / greenhouse sheeting, tarpaulins and 
! ide the pillows, and bi é ( Ce igh altitude balloons. KEY NO. 627 
ectroplating in be ma d iniforr 2. Stabilized polyethylene 
KEY NO. 626 hapes and sizes. Eastman Chemical’s stabilized 
yethylene formulation (Tenite) 
ncorporats a non-pigment type 
o - iltraviole nhibiter that is added t 
Plastics Resist Weathering the resin during production. 
ccording t the company, extru 
thick has withstoo 
eathering with little 
th. Laboratory test 
stabilized polyethy 
ed more of its origina 
24 months’ exposure 
nerican Cyanamid : usly, carbon | h ised t g than wnat ized polyethylene filn 
Plaza, New York 2 tabilize these resit 1 af months’ exposurs 
t 1. Chemical stabilizer uinda® the same enviveommental cond 
Cyanamid’s chemica 
illed Cya b U\ 14 s designed tinued on D 


Y 


Ductile Iron Castings... 


with a GUARANTEE? 


That’s right—when you bring your 
ductile iron casting problems to 
Advance you get satisfaction or the 
castings cost absolutely nothing! 

Advance has the production 
know-how and essential controls to 
support this claim without reserva- 
tion. Every phase of production... 
sand preparation, handling, and 
melting practice . . . is closely super- 
vised and backed by a unique system 
of statistical quality control. 

Ductile Iron gives you many phys- 
ical advantages of steel, with the 
process benefits of cast iron. And 
remember, Advance gives you 
GUARANTEED performance! 
Castings up to 80,000 pounds... 
delivered on schedule. 


THE ADVANCE FOUNDRY COMPANY... makers of Stinte metal 


107 SEMINARY AVENUE., DAYTON, OHIO 


For more information, turn to Reader Service card, circle No. 320 
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Tungsten, Tantalum, Molybdenum, Columbium (Niobium), Hafnium 
and Zirconium . . . these are the versatile high-temperature metals 

that have helped make possible nuclear submarines . 

ballistic missiles . . . nuclear reactors . . . super alloys . . . and innumerable 
other advanced applications and technical break-throughs. 
These are the metals produced and fabricated . . . under the 
strictest quality controls, extending from mine to market ... 
by Wah Chang Corporation. . for over 41 years a leader 
in high-temperature metals. 


Learn how these outstanding WCC high-temperature 
metals can improve your current . . . and 


make possible your proposed applications. WAH CHANG 
For detailed information, send ear CORPORATION 


your specific requirements to: 
233 Broadway 
ag New York 7, N.Y. 
BRINGING TOMORROW CLOSER WITH NEW METALS 


For more information, turn to Reader Service card, circle No. 445 
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Polyethylene Bonds to 
Oxide-Coated Metals 


\ good way to bond polyethylen 
copper or copper-plated metals 
mold the material dire ctly onto a 
oxide-coated metal surface, 
at Bell Te lephone 
1463 West St., New 
York 
fonds formed are said to 
trengths between 20 and 40 lb pet 
Cross-sectional view of new i) in. of width; best previous effort 
sulating sleeving made of licone rave strengths of to 10 |b per 
tbber-ce raided fiberglass. Metals coated 
Low, medium and high del 
ilyethylene and ethylene-butans 
alled Ben-Har 1151, prod opolymers have been successfully 
available from itley ar} fg bonded to high copper alloys (85‘ 
Co., Conshohocken, P: or more copper), beryllium coppe1 
The developer say ind phosphor bronze 
insulating sileeving pand oul Cupric oxide layer 
sizes larger than its origina Y key to good bonds 
oe eter, fitting easily ove sula Key to the new bonding proce 
Sav HO. 626 connections witho the chemical formation of a cu} 
ating fracture »xide layer on metal. The oxide layer 
ws The product aid te t s formed by cleaning the surface of 
Insulation Resists fications for aliaah  Gemelintie sedi lib Genk. Geen tonto * 
Assembly Damage \ DY Mil [-18057A with a sodium chlorite-sodium hy 
». The product is lroxide solution 
rubber-coated braid rated for tinuous operation at The cupric oxide surface oxidize 
ating Sleeving aid , temper: e brittle the polyethylene surface and adds 
gernail damage nd t is below -120 f polar sites (functional group uch 
ssembly hazard KEY NO. 629 ; hydroxyl and carbonyl) that 








FOR TOP OF THE LINE MODELS 








ITADANAC/BRAND 





= ——————— Special Research Grade 
ng: 
Magic Chef: ; A N LL MO HY 


‘TURNS TO G.E.1I. 


Instrument — of a Chef ranges are framed in the 
ag IT al inum truded, fabricated and anodized 
y GENERAL I x I RI SIONS, IN¢ This is another example 
f a leading manufacturer yiving his requirements for dura 
beauty and utility 1 G.E.l iniform quality and 
ling delivery. Discuss your extruded aluminum needs 
part or a million—with ¢ 


GENERAL EXTRUSIONS, INC. 


4040 Lake Park Road, Youngstown, Ohio 
Sales Offices at St. Louis, Pittsburgh, Chattanooga, 
. Cincinnati and Cleveland 
Consult your classified phone book 
under Aluminum Products 


vtal 


COL 


THE CONSOLIDATED MINING AND SMELTING COMPANY OF CANADA LIMITED 


REA QuEBE ANADA NE A 


t 
cKe 
tins eRA 
mov 
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ZENITH SPECIFIES NEW 
LOGO W-III BAKING FINISH 
FOR DIE-CAST TV BEZELS 


Take a close look at the bezels of 
1960 model TV sets by Zenith Radio 
Corporation, Chicago. The finish is 
LOGO BRONZELESS GOLD colored 
W-111, Bee’s new sprayable, hard, 
mar-resistant baking finish devel- 
oped for metals and thermosetting 
plastics. 

W-111’s outstanding durability 
has been tested by Zenith with 
their famous “shaker test.” Zenith 
placed the BRONZELESS GOLD coated 
TV bezels in cartons, separated by 
cardboard liners, just as they would 
be shipped to Zenith by its suppliers. 
The vibrating machine then put 
W-111 through the “shakes” for a 
period of 30 minutes. This approxi- 
mates 2500 miles in rail transit 

with the cartons 
placed directly 
over the wheel 
trucks of the box 
car. (Ask your 
own traffic man- 
ager about the 
abrasive power 
of cardboard 
liners!) The be- 
zels rolled in 
clean with no 
evidence of abrasion. 

The BRONZELESS GOLD coated 
bezels can boast resistance to a host 
of other enemies. In 24-hour spot 
tests with iodine, mustard, vinegar 
and such other agents as appliance 
surfaces have to put up with daily, 
no staining occurred. Soaps and 
detergents also showed no effect. 
W-111 has 4H to 6H pencil hardness. 
The handling and color control capa- 
bilities of W-111 also make it easy to 
live with. 

Adhesion is excellent even on zinc 
die castings with no pretreatment 
other than normal cleaning! 

A leading manufacturer of heating 
and air conditioning equipment 
(name on request) put bonderized 
cold roll steel parts coated with 
W-111 through an extensive salt 
spray test. W-111 passed in excess 
of 200 hours’ exposure. 

In a clear form W-111 is applied 
by hand or automatic spraying. It is 
used as a dipping material for the 
protection of brass and brass-plated 
steel against corrosion. 

Its impermeability, durability and 
high gloss will stand it in good stead 
for appliance use wherever excep- 
tional hardness and mar resistance 
are desired. We are ready to make 
additional promises for W-111 on 
specific applications and to send you 
a product information sheet: the 
coupon on this page will do the trick. 


VACUUM METALLIZING: 


BRIGHT FUTURE IN THE AUTOMOTIVE FIELD 


With the cost squeeze ever-tighten- 
ing, Detroit and its legion of sup- 
pliers are looking harder than ever 
at vacuum metallizing—a highly 
effective, economical finishing pro- 
cess that competes as a decorative 
finish with chrome plating for both 
interior and exterior parts. 

You’ll see v.m. on a good many 
new models without ever knowing 
the difference; for example, on plas- 
tic parts for the dash and steering 
wheel sections. 

If you have one of yesteryear’s 
models and need a replacement for 
a smashed tail light or back up light 
housing you'll get vacuum metalliz- 
ing in the form of a molded acrylic 
housing that has been metallized on 
certain areas to simulate a chrome 
ring or, with some makes, the whole 
housing will have the mirror-bright 
finish of v.m. ... In this application 
the parts have been metallized on 
the second surface. The thin metallic 
film of aluminum shines through the 
clear acrylic with the brightness of 
chrome. This film is protected by a 
sprayed back up coating. 

Briefly, the vacuum metallizing 


Acrylic housings for 
tail lights, back 

up lights and parking 
lights are replacement 
parts vacuum 
metallized by B & T 
Plastic Finishing Co., 
Evanston, Illinois. 


process consists of coating the plastic 
or metal object with a resin or lac- 
quer known as the base coat. This 
coating is then baked. A metallic 
film (aluminum is most widely used ) 
is then condensed directly on the 
base coat in a chamber under high 
vacuum. The part is then coated with 
a top coat which is either clear (for 
a chrome or silver effect) or pig- 
mented to simulate gold, brass, cop- 
per or other metallic colors. 

BEE CHEMICAL COMPANY supplies 
base coats, top coats and back up 
coats to metallizers for application 
by spraying, flow coating or dipping. 
Each Loco System is designed for 
a specific surface under specific con- 
ditions and perfected to give the 
required functional properties as 
well as desired decorative effects. 

If Vacuum Metallizing sounds like 
the knock of opportunity for your 
product there’s no need to concern 
yourself with the mechanics of this 
process. BEE is ready to assist you in 
finding a dependable, local source for 
your metallizing needs. Use the cou- 
pon to tell us of your interest and 
we'll do the rest. 


ee ee ee ee 


[_] Send more data on V. M. Coatings 


Name 
Company 


Street 


[_] Send more information on LOGO W-II1 Sprayable baking finish for use on 


[_] Send me new COATINGS SELECTOR 


Zone 


BEE CHEMICAL COMPANY 
LOGO DIVISION 

2700 East 170th Street, Lansing, lilinois * Phone GRanite 4-7000 

GARDENA, CALIFORNIA 


Position 


State 


HARTFORD, CONNECTICUT 


For more information, turn to Reader Service card, circle No. 449 
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Calili¢ Av 


oating is rapidly with a 
thin layer of oxides 
The 


ment, consists of layers 


coating, stil I develop 
of interme 
columbium compounds o1 
of the 
formed by dipping 
olumbium metal in molten zine. The 
ted with the 


tallic zine 
the surface The inter 
metallics are 
zine coating 1S then reac 
columbium substrate by annealing it 


1600 F. Annea 


; 


air at ing also causes 


Laboratory, the 
from co- 


difficulty. 


searcn 


be dislodged 


Naval Re 
coating can 
lumbiun with great 
Good oxidation resistance 
Sandoz, who described the coating 
n the Apr ’60 issue of the Journal 
of Metals preliminary tests 
showed no absorption in 
after 
5 hr exposure to hydrogen combus- 


only 


says 
oxygen 
coated columbium specimens 
products moving at 500 ft per 
of 2000 F. 


tion 


sec at a temperature 


ayers of zine oxide 
bium oxide to form 


flexible . 
According to ly 


microwave devices, 


ivances in 


lectronic devices where 


dielectric properties of 


and 


specimens, the 
completely con- 
8 hr at 2000 F. 


colun Uncoated control on 


other 
verted to ox 


Zin 


the surface hand, were 


des in 


Plastics Products for Molding, Insulating 


Three new plast 
introduced 


Zinc-Type Coating been 
Protects Columbium 


An effective 


Corp., Rogers, Conr 


! + 
way to protect colum S a cellulosic snee 
oxidatior it electrical insulat 


igainst 


temperat s up to 2200 F is by 


new zZinc-type coating aé 
Naval Researcl 
aboratory, Washington, D. C. ( 
M/DE, Mar ’60, p 5) 
Self-healing ability 
Probably one of the 
s of the coat 


using’ a 


eloped DY the U. S mp oved type 
molding 
’ 


molded under low 


ympour 


appl cation tne 
the 


withstands 


antage automatical y 


WANT 
VAN 


REAR HOUSING FOR PORTABLE TV 
. . . Precision Molded by SINKO 
)f impact-resistant Marlex ... a typical example 
ngineering know-how and skill. Parts such as 
economically produced in the many thousar 
mode rn, fully equipped plar ij 
on your next Plastic Molding job! 


WE MOLD ALL THERMOPLASTICS ... from 2 to 175 oz. 


MANUFACTURING and TOOL C0. 


CHICAGO 


la roe, 


US DIG 


7310 W. WILSON AVE 

Offices in Principal Cities Throughout the United States 
For more information, turn to Reader Service card, circle No. 336 
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recent 
lic ‘molding comport 
1. Phenolic compounds 


RX 525 is the ume 


of impact 


have the materia 
The other 


pound is in 


products 


phenolic molding com 


Roge rs 
phe 


y by 
asbestos-reinforced 
with a_ heat 

00 F. It 


Two are 


and 


rial for point of 


inds one material distortion 


is designed 


ry ¢ 
i 


PROPERTIES OF RX 495 


givel to 





Mold Shrinkage, in./in 001 


Tensile Strength, psi 5000 
Compressive Strength, p )00 
Impact Strength (lzod Notched), ft-Ib/in coe 
Arc Resistance, sec 165 
ignition Time, sec 340 


pheno 
it cal 
sures, In o 
materi 
produced Dy 


128 pins int 





7-PIECE 
FABRICATION 


Redesigned to 1-Piece Stamping 


Considerable costs were saved, plus improving 
appearance, by redesigning this seven-piece fab- 
ricated frame to a greatly simplified one-piece 
stamping. Spotwelding was eliminated. Exact 
duplication was achieved. 

Got a fabrication problem? Chances are it can 
be solved with short-run stampings using the D-R 
method of utilizing temporary tooling. Send your 
print and/or sample, plus quantity, for prompt 
quotation. No obligation. 


Bulletin F185 explains this highly efficient, specialized 
technique for cutting the work load and costs of metal 
fabricators. Send for it today. 


Dayton RocERS 
AManupac lit ung Company 





MINNEAPOLIS 7X, MINNESOTA 


For more information, turn to Reader Service card, circle No. 404 








(RITCO) FORGINGS 


.their accuracy alone 
merits your 
design consideration! 





Close-tolerance accuracy which eliminates the need for 
costly machining is, in itself, a sound reason for specifying 
Ritco Forgings. A flawlessly smooth surface which helps 
speed product assembly is still another. Combine these advan 
tages with a forged-in toughness which assures maximum 
impact resistance and fatigue strength at points of greatest 
shock and stress and it’s easy to see why more and mor 

design engineers write Ritco into their plans. A// things con 
sidered, it will pay you to learn more about Ritco “Bright 
Finish” Forgings now. Send us your blueprints for estimates 


> bh] 
at no obligation 





fers complete machir 





and makes Special Fastener 





sets of ferrous and non-ferr 





What are your requirements? 


a 
| 





RHODE ISLAND TOOL COMPANY 


Member Drop Forging Association 
WEST RIVER STREET . PROVIDENCE 1, R. ! 


For more Information, turn to Reader Service card, circle No. 347 
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GET YOUR COMPLETELY NEW 
SOURCE BOOK ON INDIUM 


The MAGICAL 49th Element 





PARTIAL LIST 
OF CONTENTS 


@ Discovery, Occurrence 
Detection, Estimation and 
Extraction of Indium 

@ Physical Properties of Indium 

Table of Physical 
Constants 

Atomic Diameters of 
Metallic Elements 

nstitution of Indium Alloy 
ystems 

Binary Systems 

Ternary Systems 

Quaternary Systems 

Quinary Systems 

Phase Diagrams 

@ Low Melting Solders 

®@ Bearing and Brazing Alloys 

® Metallography of Alloys 

® INDALLOY Intermediate 
Solders 

® Nomographic Charts of 
Pellets and Spheres 

@ Chemical Properties and 
Compounds of Indium 

Electrochemical Properties 
Electrochemical Methods 
of Analysis 


Ss 


Physical Constants of 
Inorganic Compounds 

Indium Plating, Stripping 
Recovery 


a 
ANNOTATED 
BIBLIOGRAPHY 


rting concisely on all writ 
ngs about Indium properly in 
dexed and sectionalized for 
reference 





« INDIUM .. 


676 LINCOLN AVENUE @ UTICA, NEW YORK 


Please send free b etin and fur 


m 
Please send me immediately 
at $10.00 per copy 
CHECK ENCLOSED 


ire 


ty and State 


This new reference book 
on Indium will find its 
place in hundreds of uni- 
versity and technical 
libraries in many coun- 
tries. It will be a worthy 
companion to research- 
minded engineers. 
everywhere! 
© 770 fact-filled pages 
® 91 photos and 
drawings 
© 3 years of editing 
In 1950, we published the 
first edition of “Indium” 
which has been out of 
print for some time. This 
is a completely new edi- 
tion... almost 500 more 
pages than the first! It will 
make a handy addition to 
your reference shelf. 


SINCE 1934 


Pioneers in the 
Development and 
Applications of 
Indium for Industry 


jo MAIL COUPON TODAY 


es ante eee ee Gms nme aD Gu ams come nm —4 


DRPORATION 


formatic 


| 
| 
| 
| 
| 
| 
| 
| 
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from Wolverine Tube Div., Calume 
& Hecla, Inc., 17200 Southfield Rd., 
Allen Park, Mich. The product, 
called ACR, Type L, is a cleaned 
and sealed tube supplied in 20-ft 
2. Cellulosic insulation straight lengths in sizes ranging 

A flame retardant version of th from % to 4 in. o.d. KEY NO. 634 


company’s cellulose fiber-resir 


yroduce part th exceptionally 
good appearance KEY NO. 631 


sulating material (Duroid 225) 1 > Viking Wire Co., Inc., P. O. Box 
said to extinguish itself in well uw 104, Danbury, Conn. has introduced 
der five seconds as specified by Un a 50-gage AWG magnet wire insu 
ind control part ne derwriters Laboratory. The material, lated with a single coat of enamel 
phenolic, called RX 495, called Duroid 225 FR, is a sulfate The insulated wire is designed fo 
mold to a high lust pulp material treated by a beate use in hearing aid transformers, 


miniature relays, computers and 


he , , P , ool 
can be usé addition method so that the cellulo 
syncro motors. KEY NO. 635 


sic fibers are encapsulated in a poly 
meric resin. The material is supplied 
as sheets in thicknesses of 0.031, Plastics 
093 and 0.125 in. > An improved synthetic fiber-reir 
KEY NO. 632 forced TFE gasket material deve 
oped by American Felt Co., Gler 
ville, Conn. is said to have excellent 
resistance to acids, alkalis, aliphati 
and aromatic compounds, and corro 
Other News wi sive gases at low ore high tempera 
Metals tures. The material, called Vistex 
> Vanadium Corp. of America, 420 Type NS-NES, is supplied as sheet 
Lexington Ave., New York 17 has 30 by 60 in., in thicknesses fron 
announced a new alloy for intro 1/64 to 1/8 in KEY NO. 636 
ducing manganese into wrought alu 


; 


we allave. The ataerial te calle . 
minum alloys. The material is called > A copper-clad plastics laminate 


Low Iron Manganese. KEY NO. 633 


that is said to have excellent punch 


j ing and electrical characteristics ha 
Phenolic compound Use 0 » A new 


; 


copper tube designed espe been introduced by Taylor Fibre Ce 
cially for refrigeration and air con Norristown, Pa. Called Grade 320, 
ne ne litioning applications is available the phenolic-paper laminate has high 


pri acte 





YOURS FOR 


THE ASKING 
ULTRA-LOW TEMPERATURE CABINETS 


(6 pag ae 
giog 4 li 


TO HELP 
SOLVE YOUR 
senna ssa: DESIGN 
| PROBLEMS for 


©@ Research Seven Revco cabinets, both chest and 


‘me = Seernroteaiens 
IN SHEETS and ROLLS UP TO ra WIDE a. Seasoning to 22 cu. ft. in uprights. | nits provide 

r " tures > aml Gi oO ol- 

Whatever your perforating needs, PERFORATING © Testing lable within 4 Opti He! ct oe 
INDUSTRIES has the specialized equipment and ee d. Immediate delivery on 
Ars know-how to handle the job. Rely on us For your FREE copy of the helpful 


,. —— ) if you’re looking for quality workman- folder, “Selecting a low temperature 
ae y 4 cabinet,” write Revco, MDE-/0 


ship, prompt delivery, and fair pricing 
Industrial Products Div., 
Write today for our FREE catalog — 7 —V4 we @ 


Deerfield, Michigan 


Pertorating industries, inc. Setting Trends in Refrigeration Since 1938 


605 Commerce Rd., Linden, N. J., Wabash 5-0350 


For more information, turn to Reader Service card, circle No. 342 For more information, turn to Reader Service card, circle No. 340 
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ROSOL 


the finest 
in 


Vinyl Plastisols 


@ WE SPECIALIZE... 
and in the areas where we 


specialize -WE’RE TOPS 


DIP — — SPRAY 


If you’re interested in coating your 
product with the outstanding plastisol 


in the industry .. . let our sales engi- 


neers work with you. 


Our new laboratory building 


MICHIGAN CHROME 
and CHEMICAL CO. 


8615 GRINNELL AVE., DETROIT 13, MICHIGAN 


For more information, turn to Reader Service card, circle No. 392 


i 


| 


cutting costs... 


NOTE 


INDENTATION 


ELIMINATE THREADING OPERATION. Bar 
rel of a small keycase flashlight required 
separate threading operation to accom- 
Fabricated Metal 


Division engineers suggested three in- 


modate cap. Goods 


dentations to replace female thread so 
aluminum barrel could be completely 





fabricated on our multiple-plungs r 


presses—cutting out cost of second 





operation 


LOW-COST COLLAR. Toy maker needed a large flat-flange collar 
to act as stop and contact for switch and to conduct current from 
batteries to motor operating toy plane. Using experience in mak- 
ing eyelets, our engineers designed a precision aluminum part 
we could make on a multiple-plunger press. The part simplified 
iSs¢ mbly, serve d ele ctrk al and mec hani« al functions had a very 


ittractive price 


EYELET FOR OIL FEED. Motor manutac- 
turer Was making oil-feed tubes by cut 
ting short lengths from seamless tube 
ind flaring one end—and having some 
trouble in assembly with square-cut end. 
Our engineers designed a funnel-flang 

elet to the specified dimensions—with 

radius on unflanged end to simplify 


mad 


the part on 
mnie tal 


Savings 


issembly. Because we 


a multiple-plunger press gage 
col ld be Total 


very considerable. 


reduced. were 


Maybe we can develop cost-cutting ideas for you, too. 
We offer a complete design-engineering service based on 
long experience and specialized production equipment. 
Write for Booklet BG-5. Better yet, send a sample, draw- 
ing, or description of a part you need to produce at low 
cost (any metal, any finish) for an eye-opening quota- 
tion. Address: Fabricated Metal Goods Division, The 
American Brass Company, Waterbury 20-A, Conn. gui 


ANACONDA 


MULTIPLE-PLUNGER PRESS PRODUCTS 


Made by The American Brass Company 


For more information, turn to Reader Service card, circle No. 399 
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ON THE JOB EVERYWHERE IN INDUSTRY. .. 


BUSAD! 


TR N 0 ay, m Consistently high quality... 


> = Clear ... durable. . . eco- 
& G88 nomical. 34” to 8%” O.D. 6 ft. 
and 20 ft. lengths, 44” thickness. 
BUSADA BUTYRATE PIPE AND FITTINGS 
First choice of many of the nation’s 
leading firms because it’s easier to 
install, easier to inspect, won’t 


corrode spee 


BEFORE YOU BUY GET BUSADA’S QUOTATION 


eee etenatoring 
Corporation 
32-19 Downing Street Flushing 54, New York 


For more information, turn to Reader Service card, circle No. 453 


Coming in November . 


1961 MATERIALS SELECTOR 


ry. 
The year’s biggest boon to those time-pressed engineers, 


designers, and other tec hnical men who select and spec ily 
engineering materials, forms and finishes! This new MA- 
TERIALS SELECTOR will be more than 60 pages bigge 


than last year’s edition. 


All editorial pages in the MATERIALS SELECTOR are in 
data sheet form to provide you with quick comparisons of 
properties and applications of hundreds of metals; non 
forms and shapes; finishes and coatings: and 
Keep the SELECTOR 


on your desk for ready reference. You'll find it a real 


metallics: 


joining and fastening of materials. 


time saver. 


The MATERIALS SELECTOR is available to Materials in Design 


Engineering subscribers only. It is not sold separately. 


A Reinhold Publication 


Materials in Design Engineering 
430 Park Avenue ° New York 22, N. Y 
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insulation resigtance, low dielectric 
loss, and good dimensional stability 
It is supplied in sheets 36 by 48 in 

KEY NO. 637 


> A pressure sensitive plastics lam 
nate has been introduced by Fasson 
Products, 250 Chester St., Paines 
ville, Ohio for decorative applica 
tions. The material consists of a 
layer of polyester film laminated to 
vinyl. It is supplied in rolls, strips 
and sheets KEY NO. 638 


Other nonmetallics 

> A wood veneer laminate surfaced 
with Videne polyester film is being 
marketed by Wilcox-Woolford Corp., 
Spring City, Pa. The product, called 
Furnadene, is made with a variety 
of woods in 4 by 8 ft panels. 


KEY NO. 639 


> Resin-treated repe paper for 
forming wire guides, protective cov 
erings, supports and other electrical 
parts is available from Westing 
house Electric Corp., Micarta Div., 
Trafford, Pa According to the pro 
ducer, the material stretches as 
much as 200% when used to forn 
straight, curved and angular chan 
th various degrees of taper 
KEY NO. 640 


bearings lubricated with a 
new self-wicking lubricant ntre 
luced recently by Permawick ( 
319 E, Outer Dr., Detroit 34 
said to perform satisfactorily 
continuous temperatures up to 200 F 
under high loading. The developer 
Says size of bearing reservoirs cal 
be substantially reduced with this 
lubricant KEY NO. 641 


Finishes 

> A new epoxy-base pipe coating 
developed by Minnesota Mining & 
Mfg. Co., 900 Bush Ave., St. Paul 6, 
Minn., can be directly applied to hot 
pipes as they emerge from fabri 
cating equipment. The coating is 
called Scotchkote KEY NO. 642 


>» A cold-applied, rust nhibitive 
primer called Bitumastic 11-S_ is 
said to prevent surface contamina- 
tion fron attacking 

metals. It is also said to prevent 


untreated 


undercutting on coated surfaces. The 
product s available from Koppe rs 
Co., Inc., Koppers Bldg., Pittsburgh 


KEY NO. 643 


> Anew »f fluidized bed plastics 
coatings ivailable from Michigan 
Chrome & Chemical Co., 8615 Grin- 
nell Ave., Detroit 13. The coatings, 
called Miccron, are supplied in 
nylon, epoxy, cellulose and _ vinyl 


formulation KEY NO. 644 





considering STEATITE? 


@ It will pay you toinvesti- switch bases in a wide vari- 
gate Star Lavolainforparts ety of electrical products 
which must provide excel- Available in various colors 
lent mechanical strength to conceal assembly stains 
plus good thermal shock or to identify parts. Star 
resistance Lavolain ball and socket 

Lavolain’s high dielectric insulating bushings are 
strength at elevated tem stocked in 13 standard size 
peratures makes it idealfor Complete details are avail- 
small rods, bushings, and able on request. 


The STAR Porcelain Company 
34 M NUE, TRENT( 


IRHEAD AVE N 9, N. J 


For more information, turn to Reader Service card, circle No. 391 


9 Be Sune of Zuality 


DEEP DRAWN, LIGHT AND MEDIUM 


METAL STAMPINGS 


of exacting tolerances 


BLANKING 


PIERCING 


FORMING 


DRAWING 


SWEDGING 


COINING 


DRILLING 


COPPER - BRASS: ALUMINUM TAPPING 
MONEL - STAINLESS - HIGH CARBON HEAT 


TREATING 
and ; 


ALLOY STEELS 
SILVER 


Write for Brochure BRAZING 


FLOAT & MFG. CO. ASSEMBLING 


2271 SMEAD AVENUE TESTING 
TOLEDO 6, OHIO 


ANNEALING 


For more information, turn to Reader Service card, circle No. 349 





IF YOU USE HIGH PRESSURE 
PLASTIC LAMINATES 
You'll want this FREE 


rANIRILH IE 


CATALOG AND PRODUCT 
SUGGESTION GUIDE 





FARLITE’s 20 paper-base and 15 fabric-base 
rades of high pressure plastic laminates are con 
veniently described in an easy-to-use chart form in 
this new catalog. NEMA and military classifications, 
ind mechanical and electric properties and specifica 
ons can be easily and quickly compared. A general 
description of each FARLITE grade includes suggested 
ises based on actual manufacturing experiences. A 
seasoned sales-engineering staff will assist in any 


ipplication problem. Write today for your free catalog! 


PLASTICS DIVISION 


FARLEY & LOETSCHER MF6. CO. 


DUBUQUE, IOWA 


Sales Offices — Philadelphia, Birmingham, Atlanta, 
Chicago, Cincinnati, St. Louis, Los Angeles, Mansfield. 


For more information, turn to Reader Service card, circle No. 373 
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PRODUCT A CANDIDATE FOR 
THE ECONOMIES OF BLOW MOLDING? 


Fact is, blow molding can now mass-produce practically any shape product, at surprising 

' Dlov & pre My any pe | » at SUIT & 
savings in time and money. New machines, and plastics such as Celanese Fortiflex, are 
producing strong, light-weight articles with accurate detail, fine finish. 


FORTIFLEX is a rigid polyolefin, with a colorful, lustrous surface that resists marring, 
is unharmed by boiling water or sub-freezing temperatures. It’s used to blow mold 

display units, toys, automotive and electrical parts, many industrial components. 

Bottles and containers of Celanese Fortiflex plastic are ideal for packaging most 
detergents, acids and household products. 


Let Celanese Help You Evaluate The Advantages of Blow Molding Your Product. We are 
especially qualified to help with practical advice and technical service. Why not write, 
outlining your application, to: Celanese Plastics Company, a Division of 

Celanese Corporation of America, Dept. 102-G.744 Broad Street, Newark 2, N. J. 


Canadian Affiliate: Canadian Chemical Company Limited, Montreal, Toronto, Vancouver Celanese® Fortiflex® Forticel® 


Export Sales: Amcel Co., Inc., and Pan Amcel Co., Inc., 180 Madison Ave., New York 16 


PLASTICS 


For more information, turn to Reader Service card, circle No. 452 





Why GRAPH-MO¢* steel makes better gages 
and dies, cuts cost, too 


Che master plug gage in the illustration above showed 
less than 10 millionths of an inch change after twelve 
years of use. It’s made of Graph-Mo”", one of the family 
of Timken tool steels—the most stable steels you 
can buy. 

In addition to its great stability, Graph-Mo wears 
longer As a matter of fact, users report it Ooutwears 
other ordinary steels 3 to 1. This is because of the 
combination of free graphite particles and diamond 
hard carbides in its structure. 

And you save money with Graph-Mo. A special oil- 
hardening tool steel, it machines faster and easier than 


ordinary steels. As a result, machining time and pro- 


duction costs are reduced. 

When you buy Timken steel you get... 1) Quality that's 
uniform from heat to heat, bar to bar, order to order. 
2) Service from the experts in specialty steels. 3) Over 40 
years experience in solving tough steel problems. 

All these advantages are yours at no extra cost. 
Graph-Mo costs no more than other oil hardening 
tool steels. And remember, there is only one Graph-Mo. 
[he Timken Company makes it. 

The Timken Roller Bearing Company, Steel and 
Tube Division, Canton 6, Ohio. Cable: “'TIMROSCO” 
Makers of Tapered Roller Bearings, Fine Alloy Steel and 
Removable Rock Bits. 


TIMKEN GRAPHITIC STEELS ARE AVAILABLE FROM STEEL SERVICE CENTERS IN 40 CITIES IN THE UNITED STATES AND CANADA 


For more information, turn to Reader Service card, circle No. 338 








